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Abstract 
 
The calanoid copepod Acartia tonsa was cultured during the summer 2005 at temperatures between 
6ºC and 24ºC at Roskilde University. The main culture was kept at 17ºC, adults from 17ºC were 
then acclimated to higher and lower temperatures.  
The egg production at 9ºC and 6 ºC was low and the produced eggs were viable. There was a 
significant difference between the egg sizes reared at different temperatures, with decreasing egg 
diameter, when the temperature increased. At 6º the mean egg diameter was 85.4m, compared to 
79.9m at 24ºC, whereas no significant difference between the egg sizes was found at 9ºC and 
17ºC. 
There was a significant difference between the mean female prosome lengths at 9ºC, 17ºC and 
24ºC. The mean female prosome length decreased when the temperature increased. At 9ºC the mean 
female prosome length was 840m, compared to 692m at 24ºC. 
The hatching time, depended on the temperature, the higher the temperature was, the faster the eggs 
hatched. The mean development time (50% hatching success) was 18.5 hours at 24ºC, 20.5 hours at 
17ºC, 105 hours at 13.5ºC, 154 hours at 9ºC and 1150 hours at 6ºC. When decreasing the 
temperature from 17ºC to 13.5ºC the hatching time increased considerably. The same was indeed 
seen when decreasing the temperature from 9ºC to 6ºC.  
The hatching success was higher than 90% at 24ºC, 17ºC and 9ºC, it was 75.6% at 13.5ºC and 
57.9% at 6ºC at the termination of the experiment. The unhatched eggs stored at 6ºC in 2 months 
were still viable and surprisingly nearly all hatched within 3 days after transfer to 17ºC.   
A protein band of 137 kDa was found via SDS-PAGE analysis in eggs collected at 6ºC, 17ºC and 
24ºC, but not at 9ºC. A decreasing number of protein bands as eggs aged were found. The 
distribution of large contra small proteins differs as the temperature change. At low temperature 
there seems to be a larger amount of big proteins compared to small proteins, whereas the opposite 
was seen at high temperatures. 
When eggs were ageing at 9ºC there was seen a shift in protein composition. In newly spawned 
eggs many large proteins were seen, whereas in older eggs the opposite was seen. The results from 
the SDS-Page are interesting and needs further analysis. 
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Introduction 
 
 
For many years the brine shrimp, Artemia, and rotifers have been used as the primary live feed for 
rearing the early life stages of fish in aquaculture. The main source of Artemia cysts is the Great 
Salt Lake, Utah, USA (Lavens and Sorgenloos, 2000). Unfortunately Artemia and rotifers are not 
suitable as first feeds for all fish larvae and therefore it is necessary to find an alternative as live 
feed. Copepod nauplii are the natural food of most marine fish larvae (Marcus and Murray, 2001), 
therefore an alternative for Artemia and rotifers could be copepod nauplii. 
 
The POCEFF (Preservation of Copepods Eggs for Fish Farming) program is an European project 
with the aim to develop some methods for using copepods in aquaculture, where the main goal is to 
find storage methods for the copepod eggs. The objectives for POCEFF are industrial, economical 
and social. 
The industrial objectives are; 
• optimizing the technology for breeding and harvesting copepods 
• develop preservation technology for copepod eggs 
• testing the use of copepods for rearing saltwater fish species 
The economical objectives are: 
• reducing the cost related to the production of fish fry 
• to exploit the patent rights of the technology for copepod cultures and “resting” eggs 
production  
• increase the competitiveness of European small and medium sized enterprises involved in 
fish fry production 
The social objectives are; 
• increase the employment in the aquaculture and fish food industry 
• diminution of the use of chemicals in fish farming that is related to the quality of food used 
to raise fish (Drillet, 2003). 
 
There are 3 methods to provide nauplii to feed fish larvae; 
a)  harvest wild copepod nauplii (Schripp et al., 1999). 
b) local production of cultured copepods at each fish farm (Støttrup et al., 1986b;Schripp et al., 
1999;Payne and Rippingale, 2001a;Payne and Rippingale, 2001b). 
c)  centralized production of cultured copepod nauplii and eggs with distribution to fish farms 
(Payne and Rippingale, 2001a;Payne and Rippingale, 2001b).  
 
The harvest of wild nauplii is very difficult and will be costly (in man-hours) and the harvest would 
fluctuate during the year (Schripp et al., 1999). A local production would also be costly (in man-
hours) and the production of nauplii at the same time as the hatching of the fish larvae needs 
thorough coordination. A centralized production of copepod eggs, followed by distribution to local 
fish farms, would probably be the best and most stable method to provide nauplii to use for live 
feed for fish larvae, even though it is difficult to make a reliable mass production of a large number 
of copepods (Payne and Rippingale, 2001a;Payne and Rippingale, 2001b).  
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Acartia  tonsa 
 
Acartia tonsa is a planktonic calanoid copepod and a dominant member of the zooplankton 
communities and thereby important in the coastal food webs. It is distributed widely in the western 
Atlantic, the Indo-Pacific, Europe, the Baltic Sea and the Black Sea through the Mediterranean 
(Mauchline, 1998). It is found mostly in estuaries and near shore environments (Bowman, 1971). 
The growth, the reproduction and the survival are influenced by variations of the environmental 
parameters, such as temperature, salinity, food quality and quantity and  the dissolved oxygen (DO) 
concentration in the water (Uye and Fleminger, 1976;Ambler, 1985;Kim, 1995;Gaudy et al., 2000).  
Both the size, the quantity and the quality of food particles have a profound influence on the egg 
production in A. tonsa (Støttrup and Jensen, 1990). The salinity will not affect the survival of 
females at 17ºC in the range from 11 to 36 ‰ (Lance, 1964), but the egg production is inversely 
correlated with salinity (Ambler, 1985).  
Temperature explains more than 90% of the variance in growth rate for 33 copepod species 
(Huntley and Lopez, 1992). The temperature has influence on growth rate of A. tonsa, where the 
growth rate is lower at lower temperatures (15ºC) compared with higher temperatures (25ºC) 
(Richmond et al., 2005) and  A. tonsa are able to adapt to temperatures ranging from -1 to 32ºC  
(Gonzales, 1974).  
 
The temperature has also great influence on the reproductive rates of A. tonsa and thereby the 
populations success. In Narragansett Bay, Rhode Island, USA, the A. tonsa has maximum 
reproductive rate at temperatures higher than 20ºC (Sullivan and McManus, 1986).   
There is also a positive correlation between egg production and temperature. In a study from Korea 
it was found that a female in average produces 48.5±4.2 eggs per day at 23.7ºC, compared to only 
3±1 eggs per female per day at 15ºC (Kim, 1995). At 15ºC an A. tonsa female produces 0.25% of 
their own body carbon mass as eggs per day, compared to at 28ºC, where a female produces at least 
its own biomass as eggs per day (Ambler, 1985).  
 
Copepod eggs that hatch without any delay are called subitaneous eggs. Some marine calanoid 
copepod species produce eggs, that doesn’t hatch right away, so-called dormant eggs. This dormant 
stage in their life cycle insures survival during periods with unfavourable conditions. Dormancy can 
mean arrested development, so-called diapause state, or retarded development, so-called quiescence 
state. The definitions on these states were reviewed by Grice & Marcus (1981) on the original 
definition made by Mansingh (1971) on insects.  
Diapause is a complex, genetic adaptive response expressed as arrested development, without 
morphogenesis, DNA, RNA and protein synthesis. There will be a reduced or negligible metabolic 
rate. The diapause has two phases; the refractory phase where even under favourable conditions, no 
development can resume and the competent phase, where the development can resume, if 
conditions becomes favourable.    
The quiescent state is induced by adverse environmental conditions. This state of retarded 
development, will resume normal development, when conditions again are favourable. The 
distinctions between diapause and quiescence, when talking about eggs, are very difficult. There is 
no morphological difference between these egg’s state and the eggs may respond similarly in 
hatching test (Grice and Marcus, 1981).  In general the production of dormant eggs happens at 
temperatures were is it difficult to maintain a successful population and thereby ensure the survival 
of the population (Sullivan and McManus, 1986). 
 
The environmental temperature has influence on the embryogenesis of subitaneous eggs. 
Blehrádek´s empirical equation from 1935 gives the relationship between the rate of a metabolic 
function (egg development time (D in days)) and temperature (T in °C), where a,  and b are fitted 
constants.  
D = a (T- )b 
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The constant a describes the differences in mean slope and thereby the “real” indicator of 
temperature adaptation,  (“biological zero”) the shifts on the Celsius temperature scale and b the 
degree of curvilinarity within natural temperature range.  
When comparing the embryo development time in 9 copepod species, the mean b-value was 
calculated to be –1.68. The b-value for Acartia clausi was calculated to –2.15 (McLaren, 1966). 
When adding two more species, including A. tonsa, McLaren found a new b-value = -2.05 for the 
equation and the other constants for the equation regarding A. tonsa was a = 489 and α =1.8. 
Thereby the Blehrádek´s equation from 1935 has been empirical determined by McLaren to  
 
D =489 (T-1.8)-2.05 (McLaren et al., 1969) 
 
Ambler (1985) found that the development time of A. tonsa eggs from East lagoon, Galveston in 
Texas, was negatively correlated with temperature up to 30ºC. At 15.8ºC it took 28 hours before 
50% of the eggs had hatched, compared to only 8.9 hours at 29.8ºC. At higher temperature a higher 
hatching success was also found.   
But it is not only the environmental temperature that affects the development time of eggs. Eggs of 
A. clausi were also affected by the temperature that the parent female had experienced. Eggs from 
summer adapted females had a significant longer development time at temperatures above 15ºC, 
than eggs from winter adapted animals at the same temperature.  When summer adapted animals 
were placed at 5ºC, the egg production was very low and the eggs did not hatch. If the summer 
adapted animals were placed at 5ºC overnight before eggs were used for egg hatching, the 
development time was 190 hours (whereas winter adapted animals had a development time of 160 
hours). The eggs from summer adapted animals seem to have a depressed development at low 
temperatures as compared to eggs from the winter acclimated animals (Landry, 1975). Landry 
suggests that the acclimation involves slow biochemical changes and winter-acclimated animals 
require more than one generation to adapt to summer conditions (Landry, 1975), where Tester 
(1985) found that adult acclimation of egg hatching time in A. tonsa is only 24 to 48 h at 20°C. 
The environmental temperature also affects the growth of the copepods. In the Calanoid copepod 
Labidocera aestiva  a inverse correlation was found between body length and temperature, the 
length at 13.5-15.5 ºC was longer than at 17.0-19.0ºC (Marcus, 1982). The same negative 
correlation between length and water temperature was found in A. clausi collected at Narragansett 
Bay, Rhode Island, Kingston (Durbin and Durbin, 1978). In A. tonsa from Galveston in Texas there 
was also found an inversely correlation between the prosome length and temperatures above 20ºC 
(Ambler, 1985).  Studies have showed that both length of the prosome and the body volume of A. 
tonsa are negatively correlated to temperature (Gaudy and Verriopoulos, 2004). 
 
Organisms exposed to stress, will normally respond with numerous molecular mechanisms to 
protect their cells. This can include expression of Heat Shock proteins, syntheses of osmotic stress 
protestants (polyoler and trehalose), metabolic arrest, expression of isoenzymes or alloenzymes 
(reviewed by Feder & Hofmann (1999)). A. tonsa is considered as a summer copepod specie, 
therefore it is likely that the copepod will be stressed at lower temperatures. Unfortunately the 
protein pattern in copepods eggs has not been examined. But one organism which has been studied 
is the encysted embryo of brine shrimp, Artemia franciscana. The variant protein pattern in the 
encysted embryos under different extreme conditions has been studied very well. A. franciscana can 
survive extreme conditions, as when undergoing years of continuous lack of oxygen (Clegg, 1994), 
temperature extremes, organic solvents, -radiation and desiccation (Clegg and Conte, 
1980;Drinkwater and Clegg, 1991). Clegg, et al., (1995) found that a protein of 26.000 Dalton, 
therefore called p26, was translocated from the cytosol to the nucleus during anoxic conditions.  
p26 contribute to 10-15% of the non-yolk proteins in Artemia embryos (Clegg et al., 1994) and is 
only found in diapause-destined embryos (Jackson and Clegg, 1996). Sequence analysis revealed 
that p26 is a member of the small heat-shock/ -crystallin family (Liang et al., 1997). The -
Crystallin protein can function as a molecular chaperone (Horwitz, 1992), which recognize and bind 
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nonnative proteins under physiological stress conditions and thereby protect proteins and 
membranes (Buchner, 1996). Studies on the A-crystallin confers cellular thermo resistance to 
different cellular systems (van den IJssel et al., 1994). Day et al. (2003) found that p26 functioned 
by binding to tubulin and thereby preventing its denaturation during stress. The disaccharide 
trehalose is also a potential contribute to Artemias thermal resistance at high temperatures (Miller 
and McLennan, 1988). In general trehalose is a stabilizer of membranes and macromolecules and it 
accumulates to about 15% of the embryos dry mass (Clegg et al., 1999). This might also be used as 
a release factor of the p26 chaperone from the protein, when temperature is decreasing (Viner and 
Clegg, 2001). Another abundant protein in Artemia is artemin, which primary structure is similar to 
ferritin (De Graaf et al., 1990). The existence of some of these proteins was found by SDS-PAGE 
analysis.  
 
The temperature obviously influences the general somatic growth of an A. tonsa culture, but also on 
the rate of the embryogenesis. The present project will focus on the calanoid copepod Acartia tonsa 
and changes caused by lowering the temperature. The present project will focus on two main 
subjects; 
 
 
• The hatching rate and the hatching success of Acartia tonsa eggs at different 
temperatures will be examined, as well as the length of the female prosome and 
the sizes of eggs produced by cultures kept at different temperatures. 
 
 
• SDS-PAGE analysis will  be used to examine if there is a difference in the protein 
pattern in the A. tonsa eggs during development at different cultivation 
temperatures and during egg ageing. 
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Methods 
Cultivation of Rhodomonas salina 
The A. tonsa culture was fed with Rhodomonas salina  algae in excess each day (the algae have 
been reared at RUC for several generations). The algae were grown in sterile filtered (0.2 m 
PolyCap 36 AS) 30 ‰ seawater added solution A and C (2 L sterile seawater + 2 ml solution A + 
0.2 ml solution C, see appendix) at 17˚ C. The algae cultures were grown in 5 L closed round 
bottomed glass flasks aerated through glass pipettes. When the algal culture was dark red, the 
cultures were ready to be used to copepod feeding. The algae cultures were acclimated to the same 
temperature as the copepod cultures before adding to the A. tonsa culture to prevent algae to 
sediment to the bottom of the container and thereby not assessable as food to the copepods.  
Cultivation of A. tonsa, collection and preparation of egg samples. 
Eggs from the egg bank (The A. tonsa population has been reared for several years at Roskilde 
University (RUC)) were hatched at 17ºC, adult A. tonsa were caught with a 200 m filter and 
transferred to plastic containers with seawater at 13.5ºC and 24ºC. After 2 weeks of acclimation, 
adults were transferred from 13.5ºC to 9ºC. After another 2 weeks of acclimation at 9ºC, adults 
were transferred to 6ºC. The exact temperatures of the water were measured with electrode direct in 
the container during 24 hours and the deviation was ±1 ºC. All the plastic containers with A. tonsa 
contained 30 ‰ GF/C filtrated and gently aerated seawater which was obtained from The National 
Environmental Research Institute, Denmark (DMU). The seawater was collected from the bottom of 
the Kattegat and stored in containers at DMU.  
The cultivation containers were covered with black plastic and a lid, because it seems as if the 
copepods eat more, when the cultures are kept in the dark.  
No tests on the eggs were done before a minimum of 14 days of acclimation of the adults. The 
measurements of the adults were done after minimum 1 generation time, except of the culture from 
6ºC, due to cultivation problems. The containers were cleaned by siphoning to remove all dead 
copepods, egg shells, faeces, nematodes ect. every day. 
Sub-sampling method of counting the number of eggs  
A sub-sampling system was developed by Drillet, 2002/03. After cleaning the eggs, they were 
transferred into 500 ml seawater in a 500 ml polycarbonate bottle. The bottle was shaken for 15 
seconds, and then after waiting a few seconds to allow air bobbles to travel to the top of the bottle, 
the bottle was reversed 5 times and a 10 ml sub-sample was removed from the bottle via a kip-
automat. This was repeated 5 times and the number of eggs in the sub-samples was counted. The 
average of the number of eggs in the sub-samples was calculated and thereby the total number of 
eggs in the stock solution in the polycarbonate bottle could be estimated with a 10% deviation.     
Egg size 
A small number of clean eggs were transferred to a Petri dish with seawater and the size of the egg 
diameters from each temperature was measured using an inverted Nikon diaphot 300 microscope 
with a 200 x magnification (within 2.5 m accuracy). 
Female size 
The adults were collected from the container with a 200 m filter and transferred to a salt jar where 
the prosome length of the females was measured under a Olympus SZ40 dissecting microscope  
with a 40 x magnification (within 25m accuracy).   
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Hatching time.  
Old eggs were removed from the bottom of the container by siphoning, and 25-40 minutes later the 
newly spawned eggs were removed via siphoning and filtrated. The eggs were transferred to 
Microtitter plate with 24 wells, the exact number of eggs in each well was counted through a 
Olympus dissecting microscope. See table 1 for overview of number of used wells in each 
Microtitter plate and the number of eggs in each well at each experiment. 
Temperature Number of 
wells 
Number of eggs in each well (Min. & Max.) n (eggs)  
6 ºC 12 16-34 309 
9 ºC 9 12-31 175 
9 ºC 12 2-27 127 
13.5 ºC 12 1-7 41 
17 ºC 23 2-40 656 
24 ºC 20 3-26 286 
Table 1; The A. tonsa eggs spawned at different temperatures were collected for the hatching analysis and incubated in 
a 24 well Microtitter plate. Not all the wells were used in all the experiments, therefore the exact number of wells used 
in the Microtitter plate are showed. The number of eggs in each well varied from well to well and the minimum and 
maximum number of eggs in each well was noted for at each temperature. The number of remaining eggs was counted 
on a regular basis. The total number of eggs at each temperature is shown as well. 
 
The Microtitter plate was incubated at the same temperature that the eggs were spawned at. The 
number of remaining eggs was then counted with different time intervals until almost all eggs were 
hatched. At 9º and 6ºC the number of nauplii in each well was noted as well.  
Collection and cleaning of eggs 
The copepod eggs have a higher density than the seawater and will be located at the bottom of the 
container. The eggs can therefore be separated from the adults by collecting the eggs from the 
bottom by siphoning. The eggs often stuck to the algae and to get them free, the eggs had to be 
flushed through filters with seawater. They were filtrated through consecutive 200m, 100m, 
90m, 80m, 70m and then collected on 45m filter. When collecting eggs, first the bottom was 
cleaned of old eggs, then after a specific time interval the newly spawned eggs were collected. After 
collecting the new eggs, they were filtrated and checked for all decomposed material which was 
removed (algae, feces, nematodes, ciliates, nauplii and exoskeletons), the eggs were spun down 
shortly in an Eppendorf tube, the supernatant was removed, the eggs were flushed with sterile 
filtrated seawater, centrifuged for 1 min at 14,000 rpm and the supernatant removed. Approximately 
100 µl sterile filtrated seawater was added to the eggs and the eggs were frozen at -80ºC and 
marked with date, rearing temperature and the age interval of the eggs.  
Treatment of eggs to release proteins before SDS analysis: 
To investigate how to release the proteins from the eggs before the SDS-PAGE electrophoresis, 
different treatments were used. Eggs from 17ºC were collected after one hour, flushed, cleaned, 
spun and the supernatant removed. The unknown number of eggs were then added to 650l sterile 
saltwater, mixed very well and 100l transferred to Eppendorf tubes and frozen at -80ºC. Each tube 
would therefore contain approximately the same number of eggs. To test how to  release the protein 
from the eggs, each tube was treated differently, ultrasound treatment for 10 minutes (A), the eggs 
were smashed by a pistil (B), sonication  in a Ultrasonics Inc. Model 350, 50 watt in 1*5 seconds 
(C), 2*5 seconds (D), 5*5 seconds (E) or 10*5 seconds (F). 
The samples were centrifuged for 2 minutes at 10.000 rpm and then the supernatants were diluted 
1:50 and 1:75 with miliQ water before protein analysis. First 160µl diluted samples/ protein 
standard 1.40 g BSA/ml and then 40 µl Bio-Rad Protein Assay Dye Reagent concentrate were 
added to the Microtitter plate, when all samples and reagent were added, the 96-well Microtitter 
plate were mixed and incubated at room temperature for 15 minutes before reading at OD 595 nm 
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on a Bio-Tek Synergy HT Microtitter reader.  The diluted standard are linear in the range 6-
64g/ml, see figure 1. 
Standardcurve
y = 0,0112x - 0,048
R2 = 0,9974
0
0,1
0,2
0,3
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0,6
0,7
0 20 40 60 80
Conc ug/ml
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Treatment 
Time 
Diluted 1:50 
OD595 nm      Conc. g/ml 
Concentration 
g/ml 
 
Diluted 1:75 
OD595 nm   Conc. g/ml 
Concentration 
g/ml 
 
Mean measured 
Protein Conc. in 
g/ml 
A Ultrasound  
10 minutes 
-0.008                         0      - 0.001                        0    
B Pistil 0.6175                   55.1 2754 g/ml 0.4515                  40.3 3020 g/ml 2887    g/ml 
C Sonication  
1*5 sec 
0.535                     47.7 2386 g/ml 0.4100                  36.6 2742 g/ml 2564    g/ml 
D Sonication 
 2*5 sec 
0.4685                   41.8 2089 g/ml 0.3090                  27.4 2052 g/ml 2065.5 g/ml 
E Sonication 
5*5 sec 
0.514                     45.8 2292 g/ml 0.372                    33.2 2487 g/ml 2389.5 g/ml 
F Sonication  
10*5 sec 
0.543                     48.4 2427 g/ml 0.359                    32.0 2400 g/ml 2413.5 g/ml 
Table 2: The A. tonsa eggs collected at 17ºC were treated with 6 different methods to release their protein content. All 
samples contained an unknown number of eggs, however same density in all treatments, diluted in an equal volume of 
sterile seawater.  The samples were diluted 1:50 and 1:75 before protein content was measured via Bradford. The 
measured OD595nm and the calculated concentration in g/ml are noted and the calculated undiluted concentration. The 
above noted concentration of each dilution was the mean value of two measurements. 
   
All diluted samples, except sample A, were inside the linear part of the standard curve, see table 2.  
All samples did contain approximately the same number of eggs, thereby theoretically also the same 
amount of protein in each sample.  
 
SDS-PAGE  
Sample volume with 7 or 10 mg protein  and equal volume 2 x sample loading buffer (SLB)( 2.5 ml 
0.5M Tris-HCl pH=6.8 containing 0.4 (w/v) % SDS + 6.0 ml 10% (w/v) SDS in water + 1.9 ml 
100% glycerol + 1.0 ml -mercaptoethanol + 0.1 ml 1% (w/v) bromophenol blue (BPB) in water) 
was added  to a Eppendorf tube and heated to 95ºC in 5 minutes, the tubes were then centrifuged 
shortly. The samples were loaded on the 15% Tris-HCL Ready SDS-PAGE gel from Bio-Rad and 
run at 100V in 1 hour and 45 minutes. The gel was stained in Staining solution Coomassie Blue 
G250 (100 ml acetic acid + 0.25g Coomassie blue + 900 ml H2O) for 30 minutes, and destained in 
destain solution (100 ml acetic acid + 900 ml H2O) to next day. The gel was scanned in a Bio-Rad 
710 scanner and analysed with the Bio-Rad Quantity One-4.1.0 software. 
 
 
 
 
Figure 1; BSA Protein standard curve read at 
OD=595nm on a Bio-Tek Synergy HT Microtitter 
reader.  The diluted samples were inside the linear 
part of the standard curve from 6-64g/ml with 
the OD595 between 0.074-0.719. The diluted 
samples OD were compared to the standard curve 
to find the concentration. 
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SDS-PAGE to examine protein release under pistil/sonication treatment  
To examine if any denaturation of the proteins occurred during the different protein release methods 
(pistil/sonication), 10 µg of protein from each sample was added on a SDS-gel. The only difference 
between the five samples was the treatment used to release the proteins. The difference in the 
protein distribution between the samples, must be due to the treatment of the eggs. 
 Lane      1                   2               3                4                   5                6                 7                8                  9                 10 
Lane 1 2 3 4 5 6 7 8 9 10 
Sample Low Std Broad Std 
161-0317 
161-0326 B Pistil C Soni 
1*5 sec. 
D Son  
2*5 sec. 
E Son  
5*5 sec. 
F Son 
10*5 sec. 
Low Std Broad Std 
161-0317 
µl  5 5 5 3.37 3.41 4.83 4.19 4.15 5 5 
Figure 2; A. tonsa eggs collected at 17ºC were treated with either sonication or pistil to release their protein content. 
After measuring the protein content, 10 µg of protein was added each lane in the 15% Tris-HCL Ready SDS-page gel. 
5µl Bio-Rad standard was added lane to 1, 2, 3 9 and 10. The gel ran for 1 hour and 45 minutes at 100 V. Afterwards 
the gel was stained in Coomassie blue and after destaining scanned on a Bio-Rad 710 scanner. The sizes of the known 
bands in the standards are showed at the right side of the gel. The sample lanes (4-8) contained proteins from A. tonsa 
eggs treated with different protein release methods to find the best method to release protein from A. tonsa eggs. The 
gel showed a similar pattern of protein bands, unaffected by the used protein release method. 
 
The same amount of protein (10g) was added to each lane. But looking at the gel, figure 2, the 
density of the bands from lane to lane differs a bit. This can be due that the width of the lanes 
varying. Especially in lane 8 the density of the bands seems weaker than the rest. This can also be 
due to a smaller amount of protein loaded in this particular lane. When preparing the samples for 
the SDS-analysis, a small volume of sample containing the proteins and an equal volume of sample 
loading buffer were heated and then spun shortly, before loading on the gel. During this process, it 
is possible that a small volume could be lost due to evaporation. This may explain the variations in 
band representations between the lanes, even though it is not likely that the protein will evaporate. 
Another explanation could be pipetting failure, due to the small working volume.  
The gel was analysed via Bio-Rad Quantity One –4.1.0 software. The density and the width of each 
band are adjustable via the software. Lanes above the selected width and density are detected and 
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marked. Thereby it is possible to adjust the band width and the density for the whole gel, so they are 
comparable from lane to lane. 
Every lane is marked with a vertical line, the green vertical lines indicate known standards and the 
red vertical lines indicated unknown samples. Bands detected via the software are marked with a 
horizontal line, and green horizontal lines indicate known standards and the yellow horizontal lines 
indicated unknown bands, see figure 3.  
 
Figure 3; A. tonsa eggs spawned at 17ºC were treated with different protein release methods. The released proteins were 
separated by SDS-PAGE electrophoresis. Bio-Rad Quantity One –4.1.0 software was used to analyse the gel. All lanes 
were marked with a vertical line, green indicated known standards, red unknown samples. All bands in standards were 
marked with a green horizontal line and all unknown bands were marked with a yellow horizontal band. The sizes on 
the known standards were indicated on the right of the gel in kDa. Only bands over a fixed band width and density were 
marked directly by the software. All bands above 200 kDa were not included in the analysis. 
   
The number of bands in lane 4, 5 and 6 were nearly the same, either 24 or 25. In lane 7 and 8 the 
numbers of bands was higher, 30 and 28, respectively. The difference between the numbers of 
bands can be due to the longer sonication of the samples in lane 7 and 8, 5*5 seconds and 10*5 
seconds, respectively.  
kDa 
 
 
 
 
200 
116.25 
97.4 
 
66.2 
45 
 
 
 
 
31 
 
 
 
 
21.5 
 
 
14.4 
 
6.5 
 
 
 - 13 -  
The proteins migration length in the gel depends on the size of the proteins. Small protein migrate 
longer than big proteins. On figure 4 the migration are shown as the relative front (Rf) on the x-axis. 
When a protein band is in the lane, the optical density (OD) will increase, shown on the y-axis. 
 
When comparing through the migration lanes of all the samples, see figure 4, the same pattern was 
shown in all lanes, except for lane 6 (brown) at Rf ≈0.30 were the OD did differ a bit. The other 
samples had several peaks in this area, but sample 6 (sonication 2*5 seconds) only had one. In the 
same area in lane 8 (green) the peaks were more separated than in the rest of the lanes. This can be 
due to a lower amount of proteins in this lane and therefore a better separation of the bands.    
 
 
Figure 4; A. tonsa eggs spawned at 17ºC where treated with different protein release methods. The released proteins 
were separated via electrophoresis and analysed with Bio-Rad Quantity One –4.1.0 software. The software can compare 
the optical density (OD) in all the 5 sample lanes at the same time. Every increase in OD indicates a protein band and 
the relative front (Rf) indicates the migration length of the proteins. The longer migration length (Higher Rf) the smaller 
the proteins are. Lane 4 (yellow) was sample B, (pistil), lane 5 (blue) was sample C (sonication in 1*5 seconds), lane 6 
(brown) was sample D (sonification 2*5 seconds), lane 7 (red) was sample E (sonification 5*5seconds) and lane 8 
(green) was sample F (sonification 10*5 seconds).  
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When comparing the samples two and two, only small differences between the lanes were 
identified. The distribution of big and small proteins had not changed and the peaks were similar.  
An example can be seen in figure 5, where the OD in lane 4 and 8 were compared. The OD of the 
10*5 seconds sonicated sample (lane 8-green) was smaller than the OD of the pistil treated sample 
(lane 4 –red). There is probably a difference in the protein amount added to these lanes. The 
distributions of the peaks were very similar, but the separations of the peaks were better in the 10*5 
seconds sample, maybe due to the lower amount of protein, so no overlap was seen from band to 
band. These two samples represent the gentlest and the hardest protein release methods used. If the 
sonication in 10*5 seconds had denaturated the proteins, the distribution of proteins had not given 
such similar peaks.  
Figure 5; A. tonsa eggs spawned at 17ºC were treated with different protein release methods. The released proteins were 
separated via SDS-PAGE electrophoresis and analysed with Bio-Rad Quantity One –4.1.0 software. The x-axis shows 
the migration length (High Rf means small proteins) and the y-axis shows the density (OD) of the protein band. This 
figure shows the comparison of pistil treated sample, (lane4/red) with the 10*5 seconds sonicated sample (lane8/green).  
These two samples represent the gentlest and the hardest protein release methods used in present experiment. The OD 
showed similar peaks and thereby the 10*5 seconds sonication seems not to destroy the proteins compared to the more 
gentle pistil method.   
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Part – conclusion on treatment to release protein from eggs.  
In a previous test in spring 2005, no protein release was found when freezing eggs in liquid nitrogen 
and then thawing the eggs several times. The present ultrasound experiment showed no disruption 
off the egg shells to release a measurable protein amount. When using mechanical methods as pistil 
and sonication, the egg shells would be disrupted enough so that the proteins can be released. From 
the results of the protein analysis, there is nearly no protein release when using ultrasound in 10 
minutes. From this we can conclude that neither freezing/thawing nor ultrasound treatment is 
suitable to release the protein from the shell. 
During sonification of the sample, a small amount of proteins/seawater stays potentially on the 
sonicator probe. This can be flushed into the tube, but then the sample will be diluted even more, 
therefore this has not been done. To avoid the dilution problem, the sample could have been freeze 
dried afterwards. The amount of proteins stuck on the probe will vary and this can explain the 
varying amounts of protein in the different samples. 
The highest concentration of proteins was found in the samples treated with a pistil.  This can be 
due to the fact that this treatment is more gentle, and only a small amount of the sample will be 
stuck to the pistil and thereby lost. Regarding the sonication time, there seems to be no advantage of 
using more than 1*5 seconds at 50 watt. The protein amount will not increase when increasing the 
sonication time.  
When separating the released proteins via SDS-PAGE gel separation, it seems as if there is no 
obvious difference between the distributions of the bands due to the different treatments of the 
samples to release the proteins from the egg shell. The separation of the bands is best in lane 8 
(10*5 sec. sonication), but this is probably due to the lesser amount of protein in this lane. 
Thereby, it can be concluded that both pistil treatment and sonication treatment of the eggs, will 
release the proteins from the eggs and there is no obvious denaturation of the proteins during long 
sonication in 10*5 seconds as compared to pistil treatment or short sonication in 1*5 seconds. The 
method that will be used from here on will be sonication in 5 seconds to release the proteins from 
the eggs.  
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Results 
 
Cultivation 
The cultivation of A. tonsa exhibited problems. The sudden death of a container full of A. tonsa 
often happened and without any obvious explanation. Especially the acclimation to lower 
temperatures was a challenge. The copepod cultures were acclimated in steps of a few degrees and 
stayed at the new temperature for weeks, before acclimated further. When transferring the copepods 
to lower temperatures, many of the adults died just after the transfer. Even though some of the 
adults survived, there were in general problems with survival longer periods at the low 
temperatures.  
The numbers of eggs spawned per female per day was not counted.  When collecting the eggs via 
siphoning, there was no doubt that the cultures at 24ºC and 17ºC spawned more eggs by far than the 
cultures at 9ºC and 6ºC. The number of eggs from the low temperatures was very low, like less than 
100 eggs spawned in a period of 5 hours, compared to more than 1000 eggs spawned in 1 hour at 
the high temperatures. 
These ”high temperature” cultures also had a larger organism density of adults, when just looking in 
the container, but even considering the difference in the density, the adults at the low temperature 
spawned fewer eggs. Thereby the collecting of enough eggs at low temperatures was quite laboreus, 
because only few eggs were spawned, even when the culture was doing well.   
A. tonsa egg size 
Eggs produced at 6ºC, 9ºC, 17ºC and 24ºC were collected, cleaned and transferred within few hours 
after collection/rearing to a 5 cm Petri dish, were the egg diameter were measured using a  Nikon 
diaphot 300 microscope. The egg size decreased when temperature increased, see figure 6. 
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Figure 6; The A. tonsa copepods were cultivated at different temperatures and the spawned eggs were collected after 
minimum 14 days of acclimation of the adults. The A. tonsa eggs diameters (m) were measured using a Nikon diaphot 
300 microscope. The mean diameters±1SD at each temperature are plotted on the figure. There was no significant 
difference in the egg sizes at 9ºC and 17ºC, but significant difference between 6ºC and 9ºC, 6ºC and 17ºC, 9ºC and 24ºC 
and between 17ºC and 24ºC. The tendency was a decrease in the diameter of the eggs, when the temperature increased.  
n=number of eggs, x m=average of the measured egg diameters, Min. m= the smallest measured egg diameter, Max. 
m= the largest measured egg diameter, SD=standard deviation 
 
 
Temp. 24ºC 17°C 9°C 6°C 
n 111 309 278 335 
x µm 79.9 82.1 82.6 85.4 
Min. µm 75 70 75 75 
Max. µm 85 90 105 100 
SD 2.87 3.75 4.24 3.63 
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The f-test is a parametric test to see if the variances are similar or not. Microsoft Excel was used to 
calculate the f-test. If the F value > F-table the variances are not similar.  
 
Temperature F calculated Table-value (Fowler et al., 2003)  
6ºC / 9ºC 0.006436 1.0 Similar variance 
6ºC/17ºC 0.111443 1.0 Similar variance 
6ºC / 24ºC 0.004057 1.31 Similar variance 
9ºC /17ºC 0.034789 1.0 Similar variance 
9ºC / 24ºC 4.644*10-6 1.31 Similar variance 
17ºC / 24ºC 0.001236 1.31 Similar variance 
Table 3; F-test to compare if the variances of the A. tonsa mean egg sizes measured at different temperatures was 
similar or not. The table shows the calculated F-value and the table-value of F. If the F value > F-table the variances are 
not similar. All the variances were similar 
 
 
All the tests showed a similar variance, see table 3, and a parametric test – student’s T-test can then 
be use to compare the mean values.  
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If the calculated t-value >t table there is significant difference between the means. 
An example on calculation of the t-value on the results from 9ºC and 17ºC. 
 
( )
2 2
82.11 82.55
(309 1)3.75 (278 1)4.24 309 278
(309 278 2) 309*278
t
−
=
 − + − + 
  + −   
=1.3342 
The table value is 1.96, the calculated t-value>t-table which means no significant difference 
between the means at 9ºC and 17ºC. 
 
Temperature t calculated Table-value (Fowler et al., 2003)  
6ºC / 9ºC 8.8707 1.96 (5% level of significance) Significant difference 
6ºC / 17ºC 11.198 1.96 (5% level of significance) Significant difference 
6ºC / 24ºC 14.473 1.96 (5% level of significance) Significant difference 
9ºC / 17ºC 1.3342 1.96 (5% level of significance) NO significant difference 
9ºC /  24ºC 6.1627 1.96 (5% level of significance) Significant difference 
17ºC / 24ºC 5.6677 1.96 (5% level of significance) Significant difference 
Table 4; T-test to compare if the means of the A. tonsa  egg sizes measured at different temperatures was similar or not. 
The table shows the calculated t-value and the table-value of t. If the t value > t-table the variances are not similar.  
 
At the other temperatures there was a significant difference in the mean diameter of the eggs, see 
table 4. The tendency is a decrease in the mean diameter of the eggs from 85.4±3.63 m to 79.9 ± 
2.87 m, when the temperature increases from 6ºC to 24ºC, see figure 6. See appendix for 
measurements of the eggs diameter at different days. 
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Female size 
The female prosome lengths were measured at 6ºC, 9ºC, 17ºC and 24ºC. The adults at 6ºC had not 
been cultivated at 6ºC for one generation, due to the very long hatching time, long development 
time and a low number of eggs produced. The females measured from 9ºC had been cultivated for 
one generation at this temperature. The adults from 17ºC had been cultivated for many generations 
at this temperature and the adults from 24ºC had been at 24ºC for minimum one generation before 
measuring. The female prosome length decreased, when the temperature increased, see figure 7. 
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Figure 7; A. tonsa copepods were cultivated at different temperatures and after minimum 1 generation time of 
acclimation the mean A. tonsa female prosome lengths were measured at 24ºC, 17ºC, 9ºC and 6ºC. The mean female 
prosome length was decreasing, when temperature was increasing. There was no significant difference between the 
prosome length at 6ºC and 9ºC, but significant difference between the length of the females cultivated at 9ºC, 17ºC and 
24ºC.  n=number of measured females, x m=average of the measured female prosome length, Min. m= the smallest 
female, Max. m= the largest measured female, SD=standard deviation. 
 
There were used Microsoft excel to calculate the f-test, if the F value > F-table the variances are not 
similar.  
Temperature F Table-value (Fowler et al., 2003)  
6ºC / 9ºC 0.005598 1.43 Similar variance 
6ºC/17ºC 0.025333 1.43 Similar variance 
6ºC / 24ºC 0.163413 1.58 Similar variance 
9ºC /17ºC 0.991782 1.43 Similar variance 
9ºC / 24ºC 0.001259 1.58 Similar variance 
17ºC / 24ºC 0.000194 1.58 Similar variance 
Table 5; F-test to compare if the variances of the female A. tonsa prosome lengths measured at different temperatures 
were similar or not. The table shows the calculated F-value and the table-value of F. If the F value > F-table the 
variances are not similar. All the variances were found similar. 
 
The variances were similar, see table 5 and a parametric test – student’s T-test can then be use to 
compare the mean values. If the calculated t-value >t table there is significant difference between 
the means. 
 
Temperature t Table-value (Fowler et al., 2003)  
6ºC / 9ºC 0.16035 1.98 (5% level of significance) NO significant difference 
6ºC / 17ºC 10.1368 1.98 (5% level of significance) Significant difference 
6ºC / 24ºC 25.602 1.98 (5% level of significance) Significant difference 
9ºC / 17ºC 8.119 1.98 (5% level of significance) Significant difference 
9ºC /  24ºC 21.0038 1.98 (5% level of significance) Significant difference 
17ºC / 24ºC 4.03176 1.98 (5% level of significance) Significant difference 
Table 6; T-test to compare if the means of the female A. tonsa prosome length measured at different temperatures was 
similar or not. The table shows the calculated t-value and the table-value of t. If the t value > t-table the variances are 
not similar. There was no significant difference between the samples from 6ºC and 9ºC, the rest showed significant 
difference. 
Total 24ºC 17°C 9°C 6°C 
n 132 126 93 127 
x  µm 692.4 771.4 839.8 833.1 
SD 38.57 52.70 52.42 43.63 
Min   625 625 750 750 
Max    825 925 1000 925 
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There was no significant difference between the mean prosome length at 6ºC and 9ºC, but there was 
significant difference between 9ºC, 17ºC and 24ºC, see table 6. In the beginning of the experiment 
the adults were cultivated at 17ºC and then transferred to higher and lower temperatures. The long 
hatching time at 6ºC and the large number of dead adults when transferred from 9ºC to 6ºC, meant 
that a new generation of adults spawned and raised at 6ºC have never existed. The adults measured 
at 6ºC were probably raised at 9ºC and were able to survive at 6ºC after the transfer. Therefore the 
prosome lengths measured at 6ºC are probably measured on adult females original developed at 9°C 
and then transferred to 6°C. 
 
The measurement of the length of the prosome in females showed a decrease in prosome length 
839.8 m to 692.4m, when the temperature increased from 9ºC to 24ºC, see figure 7. See appendix 
for the measurement of the prosome length at different days.  
When comparing the length of the female prosome and the diameter of the eggs at different 
temperatures, there was significant difference between egg size and female prosome length. The 
tendency is clear – a decrease in temperature gives longer prosome length of the A. tonsa females 
and larger eggs, see figure 8. 
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Figure 8; The A. tonsa copepods were cultivated at different temperatures. Egg diameter sizes were measures after 
minimum 14 days of acclimation of the adults and adults females were measured after minimum 1 generation time of 
acclimation. The figure shows the comparison of the A. tonsa female prosome length and the egg sizes at 6ºC, 9ºC, 
17ºC and 24ºC. One standard deviation is marked on each parameter. There was significant difference between the 
lengths of the female prosome/egg size at different temperatures, there was a decrease in prosome length/egg size when 
the temperature was increasing. 
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Egg Hatching success 
 
Newly spawned eggs were collected, cleaned and transferred to a 24-well microtitter plate. The 
number of eggs in each well was counted with different time intervals and the number of 
disappearing eggs was recorded as hatched eggs. The number of eggs was counted with different 
time intervals until most off the eggs were hatched. Eggs were collected twice from 9ºC due to the 
low number of eggs spawned at this temperature, compared to 17ºC and 24ºC. 
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Figure 9; A. tonsa copepods were acclimated at different temperatures for minimum 14 days, before the spawned eggs 
were collected to test the hatching success. A. tonsa eggs were collected from 24ºC, 17ºC, 13.5°C, 9ºC and 6ºC in 30 
minutes time intervals, cleaned and then transferred to a 24 well Microtitter plate. The number of eggs in each well was 
noted and the Microtitter plate was incubated at the same temperature as the adults. The numbers of remaining eggs 
were counted on a regular basis. The number of disappearing eggs was recorded as hatched eggs. The number of 
hatched eggs in percentage versus time at each temperature is showed on the graph. Each counting was marked on the 
graph. The total number of eggs at each experiment n= 286 at 22ºC, n=565 at 17ºC, n=41 at 13.5°C, n= 175+127 at 9ºC 
and n= 309 at 6ºC. 
 
The time from the A. tonsa female has spawned the eggs, to the eggs hatches depends on the 
temperature. The higher temperature, the shorter egg hatching time, see figure 9.  
 
Hatched 24ºC 17ºC 13.5ºC 9ºC 6ºC 
25% 14.5 H 15    H 65   H 78   H 360 H 
50% 18.5 H 20.5 H 105 H 154 H 1150 H 
75% 26.5 H 34.5 H 214 H 402 H     -  
Table 7; A. tonsa copepods were acclimated at different temperatures for minimum 14 days, before the spawned eggs 
were collected to test the hatching success A. tonsa eggs were collected in 30 minutes time intervals, cleaned and 
transferred to a 24 well Microtitter plate. The remaining number of intact eggs was counted on regular basic. The table 
shows the time in hours from the eggs were spawned to respectably 25%, 50% and 75% of the eggs was hatched.  
 
At 24ºC it took 18.5 hours before 50% of the eggs were hatched, compared with 20.5 hours at 17ºC, 
105 hours at 13.5ºC, 154 hours at 9ºC and 1150 hours at 6 ºC, see table 7. When changing the 
temperature from 24ºC to 17ºC, the changes in development time is only two hours to reach 50% 
hatching. When changing the temperature from 17ºC to 13.5ºC the mean development time 
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increases considerably from 20.5 hours to 105 hours.  When lowering the temperature further from 
13.5ºC to 9ºC, the mean development time increases only from 105 hours to 154 hours, compared to 
a considerable increase when changing the temperature from 9ºC to 6ºC, where the mean 
development time decrease from 154 hours to 1150 hours. The changes from 17ºC to 13.5ºC and 
from 9ºC to 6ºC gives a considerably increase in hatching time.  
 
At the termination of the experiment at 6°C after 1490 hours the remaining 130 eggs (42% of the 
initial number) were transferred to 17°C to test if they were still viable. After 70 hours 120 of these 
remaining eggs were hatched as well, given a total egg hatching success of the eggs spawned at 6ºC 
to be 96.8%, see figure 10.  
Surprisingly it must be concluded that the remaining eggs were in fact able to hatch. At the 
termination time, they were about 2 months old and incubated at oxic conditions. The total number 
of eggs and nauplii was more than 130, it seems as if that even some of the eggs estimated to be 
degraded, were not anyway.   
 
 
Eggs transferred from 6°C to 17° 
0
20
40
60
80
100
120
140
0 10 20 30 40 50 60 70
Hours
Nu
m
be
r 
o
f e
gg
s/
n
au
pl
ii
eggs
nauplii
 
Figure 10; A. tonsa copepods were acclimated at different temperatures for minimum 14 days, before the spawned eggs 
were collected to test the hatching success. At the termination of the experiment at 6ºC there were still 130 unhacthed A. 
tonsa eggs of the original 309 eggs left. These 130 eggs stored in 1490 hours at 6°C, were transferred to 17°C to test if 
they were still viable. The eggs were placed in 12 different wells in the 24-well Microtitter plate. The figure shows the 
counted number of eggs and nauplii after 0 hours, 22 hours, 46 hours and 70 hours at 17ºC. After 46 hours at 17ºC only 
19 eggs were unhatched. After 70 hours at 17ºC was observed 123 nauplii and 10 eggs. Thereby the total hatching 
success at 6ºC was 96.8%. 
 
 
When the experiment at 13.5°C was terminated after 215 hours only 75.6% of the eggs had hatched, 
see table 8. If present experiment had continued longer, the hatching success had probably been 
higher. When looking at the hatching curve, figure 9, the curve from 13.5ºC has not even started to 
flatten out after the 215 hours the experiment lasted. The remaining 10 unhatched eggs were then 
transferred to 17ºC and after 50 hours at 17ºC, 3 eggs out of the 10 remaining eggs then hatched and 
the hatching success were then 82.9% at 13.5ºC. 
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Temperature  Experiment terminated after  Hatched at termination of experiment    n 
24 ºC   44   hours 95.1 % 286 
17 ºC   45   hours 92.0 % 565 
13.5 ºC   215 hours  (265 hours*) 75.6 %   (82.9%*) 41 
9 ºC   1083 hours 94.9 % 175 
9 ºC   890  hours 95.3 % 127 
6 ºC   1490  hours   (1536  hours**) 57.9 %    (96.8%**) 309 
Table 8; A. tonsa copepods were acclimated at different temperatures for minimum 14 days and the spawned eggs were 
collected for hatching test. Newly spawned A. tonsa eggs were transferred to Microtitter plates and incubated at the 
same temperature, as the females were acclimated to. The hatching success of the A. tonsa eggs were followed until 
most of the eggs were hatched. Hours the experiments were followed, the percentages of the A. tonsa eggs hatched at 
the end of experiments at different temperatures and the number of eggs (n) in each experiment. *At the termination of 
the experiment at 13.5ºC, the Microtitter plate were transferred to 17ºC with the remaining 10 unhatched eggs to test if 
they were able to hatch. Fifty hours later 3 eggs had hatched and thereby the total hatching success was 82.9%. **At the 
termination of the experiment at 6°C after 1490 hours the remaining 130 eggs (42% of the original number) were 
transferred to 17°C to test if they were able to hatch.  After seventy hours the number of remaining eggs was 10 and 
thereby the total hatching success at 6ºC was 96.8%, when transferring the remaining eggs to 17ºC. 
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Figure 11; A. tonsa copepods were acclimated at different temperatures for minimum 14 days and the spawned eggs 
were collected for hatching test. The newly spawned A. tonsa eggs were transferred to Microtitter plates and incubated 
at the same temperature, as the females were acclimated to. The hatching success of the A. tonsa eggs were followed 
until most of the eggs were hatched. The total hatching success at the different temperatures are shown on the graph 
with light blue. The unhatched eggs from 6°C and 13.5°C were transferred to 17°C where some of them hatched and the 
hatching at 17°C are shown with dark blue on the graph. The total hatching success was above 90%, except at 13.5°C, 
where it was 82%. 
 
In all the experiments the hatching success was high. The experiments at 6°C and 13.5°C had 
relative low hatching success, but when the unhatched eggs were transferred to 17°C, many of the 
remaining eggs hatched and thereby the total hatching success was above 80% in all experiments, 
see table 8 and see figure 11.  
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Nauplii 
During the experiment with egg hatching, the number of remaining eggs was noted. At 24ºC and 
17ºC a corresponding number of nauplii were seen to number of eggs disappearing. Thereby at 
these temperature most of the eggs that did hatch, resulted in nauplii within the 45 hours the 
experiment lasted. At 13.5ºC there was kept no record of the number of nauplii, only the number of 
remaining eggs.  
At 6ºc and 9ºC both the number of remaining eggs and see nauplii was noted. The first experiment 
at 9ºC showed a corresponding number of disappearing eggs and nauplii the first 145 hours, then 
afterwards only few nauplii, compared to the number of disappearing eggs, see figure 12. Thereby a 
larger amount of eggs just dissolves, without hatching. This part of the experiment was followed 
during 1083 hours and until 940 hours after the eggs were spawned, a few nauplii were seen in the 
Microtitter plate, when counting the remaining eggs.  
There were still 9 remaining eggs ( 5%total) after 1085 hours which looked intact, when the 
experiment was terminated. At that time the Microtitter plate was so overgrown with algal material, 
that even if nauplii had been there, they could not have being seen.  
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Figure 12; A. tonsa copepods were acclimated minimum 14 days before newly spawned eggs were collected for 
hatching experiment. 175 A. tonsa eggs were collected and stores in a 24 well Microtitter plate at 9ºC. The number of 
remaining eggs and the number of seen nauplii was counted during the 1083 hours the hatching experiment lasted for in 
the first experiment at 9ºC. The number of remaining eggs is shown with light blue and the number of nauplii shown 
with dark blue. There was seen nauplii the first 940 hours and only 9 eggs were still intact at the termination of the 
experiment. The total number of seen nauplii was 172, where some of them must have counted twice. 
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The second experiment at 9ºC showed also a corresponding number of disappearing eggs and 
nauplii in the beginning of the experiment, but the number of nauplii compared to disappearing eggs 
decreased after 310 hours. At the next 3 counting’s, lasting for 75 hours, no nauplii were seen, but 
only 4 eggs disappeared in this period. There were still found nauplii the first 552 hours, where 77% 
of the eggs had hatched. Afterwards no nauplii were seen, see figure 13. 
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Figure 13; A. tonsa copepods were acclimated minimum 14 days before newly spawned eggs were collected for 
hatching experiment. 127 A. tonsa eggs were collected and stores in a 24 well Microtitter plate at 9ºC. The number of 
remaining egg (light blue) and the number of seen nauplii (dark blue) counted during the 890 hours the experiment 
lasted for in the second experiment at 9ºC are shown on the figure. There was seen nauplii the first 552 hours and only 6 
eggs were still intact at the termination of the experiment. The total number of seen nauplii was 189, where some of 
them must have been counted twice. 
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The experiment at 6 ºC was a bit different. 15% of the eggs disappeared during the first 215 hours, 
but in that time period no nauplii were seen. In the period from 215 to 475 hours 15% more of the 
eggs disappeared and a few nauplii were seen in this period. After that no nauplii were seen, see 
figure 14. 
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Figure 14; ;  A. tonsa copepods were acclimated minimum 14 days before newly spawned eggs were collected for 
hatching experiment. 309 eggs were collected and stores in a 24 well Microtitter plate at 6ºC. The number of remaining 
eggs (light blue) and the number of seen nauplii (dark blue) counted during the 1490 hours the hatching experiment 
lasted for in the experiment at 6ºC are shown on the figure. There was only seen a few nauplii during the experiment. 
The first nauplii was seen after 215 hours, at that time 49 eggs had disappeared. After 478 hours the last nauplii was 
seen. 130 eggs were still intact at the termination of the experiment. The total number of seen nauplii was 12. 
 
 
The Microtitter plates were added algae to feed the nauplii several times, when hatching took place, 
but not added any O2. Due to the low O2 and low food available the survival of the nauplii must 
have been low. The Microtitter plates were inspected at every 2-7 days. In the beginning of the 
experiment the eggs were followed closely, but at the end of the experiment, only once a week. 
Dead nauplii dissolved quite fast and therefore even though no nauplii were seen, some of the eggs 
might have hatched and the nauplii could be dead and dissolved, without being noted. The newly 
hatched nauplii are nearly transparent and therefore difficult to see in dissecting microscope, thus 
the risk to overlook newly hatched nauplii was quite high. Therefore the real number of nauplii 
found at 6°C can be higher, than the recorded number.   
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SDS-PAGE electrophoreses analysis 
The eggs reared under different temperatures showed distinct differences in hatching time and in 
size.  These differences can be caused by lower metabolism at lower temperatures, but can also be 
caused by other mechanisms. Specific proteins can be expressed at some temperatures, and not at 
others. SDS-PAGE electrophoresis separates proteins due to their sizes, but not due to their charge.  
 
In the present project the first SDS-PAGE electrophoresis was used to examine if there were any 
differences in protein composition in the eggs reared at different temperatures and during ageing.  
 
The second electrophoreses gel was used to examine if there was a difference in the protein 
composition in the supernatant and the pellet of the sonicated eggs. The supernatant will contain the 
proteins from the cytosol and the pellet will contain proteins from the nuclei, yolk plates and shell 
fragments. In the Artemia embryos a great difference was found in the protein pattern between the 
supernatant and the pellet (Willsie and Clegg, 2001b). 
    
SDS-PAGE gel 1 
A. tonsa eggs were sonicated in 5 seconds, the protein content measured via Bradford. The 15% 
Tris-HCL Ready SDS-page gel was added 7g protein in each well and the proteins were separated 
due to differences in their sizes via electrophoresis. This gel was added egg protein samples from 
6ºC, 9ºC, 17ºC and 24ºC representing different age intervals, to examine if there was any difference 
in the protein composition at the different temperatures and during aging of eggs, see figure 15. Due 
to the different development time at high and low temperatures, the eggs were collected at different 
time intervals. The 10-12 hour old eggs from 17ºC were nearly ready to hatch, whereas the eggs 
from 6ºC in the same age interval have not developed much.   
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                      Lane       1            2             3                4                5              6                7               8              9             10 
Lane 1 2 3 4 5 6 7 8 9 10 
Sample  
Temp/Age 
Broad 
Std 
6º C 
4-11 H 
6º C 
31-60 H 
9º C 
2-4 H 
9º C 
20-24 H 
9º C 
31-56 H 
17º C 
2-4 H 
17º C 
10-12 H 
24º C 
1-2 H 
24º C 
11-12 H 
l  sample 5.0 23.7 13.7 6.0 8.8 10.3 2.53 1.0 3.1 2.8 
Figure 15; A. tonsa copepods were cultivated at different temperatures and after minimum 14 days of acclimation, 
newly spawned eggs were collected.  A. tonsa eggs were collected from the different temperatures in different time 
interval and were sonicated in 5 seconds. The protein content were measured via Bradford and 7µg protein was loaded 
on a 15% SDS-PAGE ready gel from Bio-Rad and the proteins were separated due to their sizes. The gel ran at 100 V 
in 1 hour and 45 minutes. The gel was scanned on a Bio-Rad 710 scanner. The table shows the lane number, the 
temperature which the eggs were spawned at and the age interval of the eggs. The volumes of sample containing 7g of 
protein are shown in the last line, an equal volume of sample buffer was loaded to the samples. Unfortunately there was 
an overrun from well 1 to well 2 with the Bio-Rad Broad standard, thereby the sample in lane 2 can not be used. The 
sizes (kDa) of the known Broad standard are shown on the left side of the gel.  
 
When looking at the gel, figure 15, it seems like the density of the protein bands differs from the 
left to the right side of the gel. Also the widths of the lanes differ and therefore a direct comparison 
of all the lanes can be difficult. Unfortunately there was an overrun of Broad standard in well 1 to 
well 2, therefore can the 6ºC sample in lane 2 could not be used. 
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When scanning the gel with the Bio-Rad Quantity One-4.1.0 Software, it was possible to detect the 
bands and just select the ones above certain width and density and thereby compare the bands from 
lane to lane. The detected bands were marked with a red horizontal line on the lane, see figure 16. 
 
 
                     Std             6ºC                               9ºC                           17ºC                     24ºC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16; A. tonsa copepods were cultivated at different temperatures and after minimum 14 days of acclimation, 
newly spawned eggs were collected. A. tonsa eggs were sonicated in 5 seconds to release their protein content. 7µg 
protein was loaded on a 15% SDS-PAGE ready gel from Bio-Rad and the proteins were separated due to their sizes. 
The gel ran at 100 V in 1 hour and 45 minutes. The gel was scanned on a Bio-Rad 710 scanner. The gel was analysed 
with the Bio-Rad Quantity One-4.1.0 Software. Each lane is marked with a vertical line, the standard with a vertical 
green line and the unknown samples with a red vertical line. The detected bands in each line are marked with a small 
red horizontal mark. The number of bands found in lane 3 (6ºC31-60 hours) is 34, the number of bands in lane 4 (9ºC 2-
4 hours) is 29, lane 5 (9ºC 20-24 hours) is 26, lane 6 (9ºC 31-56 hours) is 24, lane 7 (17ºC 2-4 hours) is 23, lane 8 (17ºC 
10-12 hours) is 22, lane 9 (24ºC 1-2 hours) is 27 and lane 10 (24ºC 11-12 hours) is 26.  
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When analysing the gel, see figure 16, the number of detected bands can be compared. There is a 
decrease in the number of protein bands when the eggs were aging. The largest number of bands 
were found in eggs collected at 6º C, in this sample 34 bands were detected. In the samples 
collected at 9ºC the number of protein bands in the age interval 2- 4 hours was 29, compared to 26 
protein bands in the age interval 20-24 hours and only 24 bands in the interval 31-56 hours. In the 
samples from 17ºC, 23 protein bands was found in the age interval 2-4 hours, compared to 22 bands 
in the age interval 10-12 hours. At 24ºC 27 bands were found in the age interval 2-4 hours 
compared to 26 bands in the 11-12 hours age interval, see figure 17. 
Protein bands above 200 kDa were excluded in the analysis (The largest known standard was 200 
kDa).  
 
 
Lane Temp 
Cº 
Age of eggs 
Hours 
Number of  
protein bands 
3 6 31-60 34 
4 9 2-4 29 
5 9 20-24 26 
6 9 31-56 24 
7 17 2-4 23 
8 17 10-12 22 
9 24 1-2 27 
10 24 11-12 26 
 
 
 
 
 
 
 
 
 
 
 
The highest numbers of protein bands were found in the eggs from 6ºC and the lowest numbers of 
protein bands were found the eggs from 17ºC, thereby there is no obvious pattern in protein bands, 
when the temperature decrease.  
The number of bands did not seem to relate to the temperature at which the eggs were spawned, 
even though the highest number of protein bands were found in the sample from 6ºC with the 31-60 
hours age interval. If the tendency found at 9ºC, 17ºC and 24ºC with the decrease in protein band 
during ageing, also fit the eggs from 6ºC, it is likely that a 6ºC sample in the age interval 2-4 hours 
would contain maybe 36-38 bands. 
 
Figure 17; A. tonsa copepods were cultivated at 
different temperatures. After minimum 14 days of 
acclimation, spawned eggs were collected, 
sonicated and the released proteins from A. tonsa 
eggs were separated via SDS-PAGE 
electrophoresis.  The Bio-Rad Quantity One-4.1.0 
Software detects the bands in each lane. There was 
no correlation between the temperature they were 
reared and the number of protein bands. The 
number of bands decreases when the eggs were 
aging. 
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To compare the lanes the Optical Density (OD) and the Relative Front (Rf) were used, an option in 
the Bio-Rad Quantity One-4.1.0 Software. There is a small difference between how long at the gel 
the proteins have migrated from lane to lane and also the difference between the amounts of protein 
added from left to right of the gel, which creates some problems in comparing all the lanes directly. 
Therefore two lanes were selected at the time and compared, an example is shown in the following 
figure 18.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18; A. tonsa copepods were cultivated at different temperatures and after minimum 14 days of acclimation, eggs 
were collected from 6ºC and 24ºC. The A. tonsa eggs were sonicated in 5 seconds to release the proteins. 7µg of the A. 
tonsa egg protein were separated due to their sizes. The gel was scanned on a Bio-Rad 710 scanner. The Bio-Rad 
Quantity One -4.1.0 software compared the optical density (OD) of lane 3 (red); 6ºC (31-60 hours) and lane 10 (green); 
24ºC (11-12hours). A peak means a protein band. The amount of protein in lane 10 is bigger than in lane 3. The 
distribution of large and small proteins is different in the two lanes. There are many large proteins in the 6ºC (red) 
sample, compared to the 24ºC (green) sample. 
 
When comparing the 6ºC (31-60 hour) sample in lane 3 (red) with the 24ºC (11-12 hours) sample in 
lane 10 (green) on figure 18, it seems like a different distribution of the proteins.  
At 24ºC there are some very high, clear peaks around 0.20 Rf (85-90kDa), where a large amount of 
the protein in the sample is distributed.  The same peaks are found in the sample from 6ºC around 
Rf=0.20 (85-90kDa), but these peaks do not account for the same percentage as the peaks found in 
the sample from 24ºC.   
Instead there is a large amount of small 3-5 kDa proteins (Rf= 0.90-1.0) with very well defined 
peaks in the sample from 6ºC, compared to the sample from 24ºC.  
In the sample from 24ºC there are many small proteins (5-14kDa) (Rf=0.70-0.90) however without 
well defined peaks.  
In the area Rf = 0.30-0.50 (20-30 kDa) there are some defined peaks in the sample from 24ºC, but 
not in the sample from 6ºC.  
From this scan it seems like the distribution of large and small proteins in the samples from 6ºC and 
24ºC are different – at 6ºC, it seems like a larger amount of big compared to small proteins are 
present, whereas at 24ºC is seems like a larger amount of small proteins, compared to big proteins 
are decreased. There is no doubt that the amount of protein added in these two lanes are different.  
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When comparing the nearly newly spawned eggs at 9ºC (2-4 hours), 17ºC (2-4 hours) and 24ºC (1-2 
hours), see figure 19, there are well defined peaks of large proteins around Rf = 0.20 (60 kDa), but 
the distribution of the small proteins less than 10 kDa (Rf above 0.80) differs a bit, where there is 
well defined peaks in the sample from 9ºC (red), but not in the samples from 17ºC (green) and 24ºC 
(yellow). This can be due to that a smaller amount of protein added in lane 4 (6ºC) compared to the 
two other samples from 17ºC and 24ºC, see figure 19.   
It seem like there is a higher density of very large proteins (Rf =0-0.10) in the sample from 9ºC 
(red), compared to the samples from 17ºC (green) and 24ºC (yellow).   
Thereby it is possible that eggs reared at higher temperatures, contain a different pattern of large 
contra small proteins. At lower temperatures, it seems like a larger amount of big proteins compared 
to small proteins are present, where at higher temperatures the tendency is less big proteins and 
instead a larger amount of small proteins.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19; A. tonsa copepods were cultivated at different temperatures and after minimum 14 days of acclimation, eggs 
were collected in different time interval and at different temperatures. The eggs were sonicated in 5 seconds and the 
protein content was measured via Bradford. 7µg of the A. tonsa egg protein were separated via SDS-PAGE 
electrophoresis due to their sizes. The gel was scanned on a Bio-Rad 710 scanner. The Bio-Rad Quantity One -4.1.0 
software compared the optical density (OD) in lane 4 (red), 9ºC (2-4 hours), lane 7 (green); 17ºC (2-4 hours) and lane 9 
(yellow); 24ºC (1-2 hours). The eggs (red) spawned at low temperatures contained a large amount of big proteins and 
fewer small proteins, compared to the eggs (green and yellow) spawned at higher temperatures. 
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When comparing the 3 samples from 9ºC in figure 20, it seems like there is a decrease in the 
amount of very large proteins (Rf=0.00-0.10) during ageing. The youngest eggs of 2-4 hours in lane 
4 (red) have a relative high OD in this area, compared to the 20-24 hours old eggs in lane 5 (green) 
and to the 31-56 hours old eggs in lane 6 (yellow).  
The distribution around Rf=0.20-0.30 (30-50 kDa) seems similar. Around Rf=0.50 (20kDa) there is 
one peak found in the sample from 2-4 hours, which does not seem to be in the older egg samples. 
At Rf= 0.70-0.80 (7-14 kDa) the tendency is that there are fewer proteins in the sample from 2-4 
hours (red-lane 4), compared to the samples from 20-24 hours (green-lane 5) and 31-56 hours 
(yellow –lane 6).  
Regarding the very small proteins is seems as if there are fewer specific protein bands in the eggs 
from 2-4 hours (red-lane 4), compared to the samples from 20-24 hours (green-lane 5) and 31-56 
hours (yellow –lane 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20; A. tonsa copepods were cultivated at different temperatures and after minimum 14 days of acclimation A. 
tonsa eggs were collected from9ºC in different time interval. The eggs were sonicated in 5 seconds to release their 
proteins. The released protein content was measured via Bradford. 7µg of the A. tonsa egg protein were separated via 
SDS-PAGE electrophoresis due to their sizes. The gel was scanned on a Bio-Rad 710 scanner. The Bio-Rad Quantity 
One -4.1.0 software compared the optical density (OD) of lane 4 (red); 9ºC (2-4 hours), lane 5 (green); 9ºC (20-24 
hours) and lane 6 (yellow); 9ºC (31-56 hours) on gel 1. The amount of large proteins decreases as the eggs are ageing. 
 
 
When comparing at the eggs collected at 9ºC at different age intervals, it seem like there is a change 
in the composition of the proteins during ageing. At the 2-4 hours old eggs, there is a tendency 
towards a large amount of large proteins and relative few specific small protein bands, compared to 
the 20-24 and 31-56 hours old eggs, where the relative amount of the very large protein is 
decreasing and instead there are many small proteins.  This tendency was not seen in the samples 
from either 17ºC or 24ºC. If the tendency found with the redistribution of the proteins from big to 
smaller proteins during ageing in the samples from 9ºC is correct, this will probably also take place 
in the eggs at 17ºC and 24ºC. The reason why this was not seen, may be due to the faster 
development at higher temperatures. The redistribution has already taken place when collecting the 
eggs after 1-2 hours at 17ºC and 24ºC. 
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Via the software it is possible to examine whether a specific protein band is in only one, several or 
in all lanes on a given gel. A specific band found in several lanes with the same molecular weight is 
given the same green number, see figure 21. 
            Std                6ºC                                9ºC                        17ºC                     24ºC 
 
Figure 21; A. tonsa copepods were cultivated at different temperatures. A. tonsa eggs were collected after minimum 14 
days of acclimation in different time interval and at different temperatures. The eggs were sonicated in 5 seconds to 
release their proteins and the protein content was measured via Bradford. 7µg of the A. tonsa egg protein were separated 
via SDS-PAGE electrophoresis due to their sizes. The gel was scanned on a Bio-Rad 710 scanner and analysed on Bio-
Rad Quantity One -4.1.0 software. This figure shows a comparison of specific bands from lane to lane on gel. Each lane 
marked with a vertical red line. Protein bands with the same molecular weight are marked with the same green number. 
Protein bands without similar match are marked with yellow.   
 
Most bands were present in all lanes, as seen with band 2 (117 kDa) and band 4 (88 kDa). Other 
bands were seen in some lanes, but there was no obvious explanation why they were present in 
some lanes and not in others, an example is seen in band 31 (12 kDa). This protein is present in the 
samples from 6ºC, 9ºC (2-4H) and 24ºC, but not in the rest of the samples. 
 
It could be expected that a big protein band was present in newly spawned eggs and not in the older 
eggs, when comparing eggs from one specific temperature during ageing. Or the opposite, a band 
present in the older egg, but not in the newly spawned eggs.  
Protein band number 8, with an estimated 58 kDa was found in the 2-4 hours old 9ºC sample (lane 
4), but not in the 20-24 hours old (lane 5) and 31-56 hours (lane 6) samples. If this observation is 
correct, this protein of 58 kDa has either been degraded or split into two or several smaller proteins. 
Protein band number 26 with an estimated size on 13 kDa was found in the sample 20-24 hours 
(lane 5) and 31-56 hours (lane 6) sample from 9ºC, but not in the 2-4 hour old sample (lane 4). An 
explanation could be that these proteins of 58 kDa were split and one end product could be a 13 
kDa protein. 
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The densest band is band number 4. This band has a calculated molecular weight of 88 kDa. When 
comparing the Optical Density (OD) from lane to lane, the OD is highest in lane 7 and lowest in 
lane 3, as expected, due to the different density of protein from lane to lane, see figure 22. 
 
                      Std                6ºC                             9ºC                           17ºC                     24ºC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22; A. tonsa copepods were cultivated at different temperatures. After minimum 14 days of acclimation A. tonsa 
eggs collected in different time interval. The eggs were sonicated in 5 seconds to release the protein content. 7µg of the 
A. tonsa egg protein  were separated via SDS-PAGE electrophoresis  due to their sizes. The gel was scanned on a Bio-
Rad 710 scanner and analysed on Bio-Rad Quantity One -4.1.0 software. Band number 4 was calculated to 88 kDa and 
was found in all samples. The Optical Density (OD) is shown on the Y-axis and on the X-axis the lane number is shown 
and the number of band in the lane in parentheses (lane number – band number). The protein bands on 88 kDa are 
marked with a horizontal yellow line on the gel. 
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Band number 1 was calculated to be 137 kDa. This protein band were found in the egg samples 
collected at 24ºC (lane 9 & 10), at 17ºC (lane 7 & 8) and in the sample from 6ºC (lane 3), but not in 
any of the samples from 9ºC, see figure 23. 
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Figure 23; A. tonsa copepods were cultivated at different temperatures. After minimum of 14 days of acclimation, eggs 
collected in different time interval. The eggs were sonicated in 5 seconds and their protein contents were measured via 
Bradford. 7µg of the A. tonsa egg protein were separated via SDS-PAGE electrophoresis due to their sizes. The gel was 
scanned on a Bio-Rad 710 scanner and analysed on Bio-Rad Quantity One -4.1.0 software. Comparison of the OD of 
protein band number 1, calculated to be 137 kDa. This band was detected in the samples from 17ºC and 24ºC (lane 7-
10) and in the sample from 6ºC (lane 3). The protein bands are marked with a yellow horizontal line on the gel.  
 
 
 
Thereby band type 1 (137 kDa) differs from the rest of the protein bands, because it was found in 
the eggs from 6ºC, all the eggs from 17ºC and from 24ºC, but not in any of the eggs collected at 
9ºC. This observation must be confirmed with another SDS-PAGE analysis. 
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SDS-PAGE gel 2 
 
To compare the protein composition in the proteins left in the supernatant and in the pellet of the 
sonicated egg samples, respectively, the second SDS-PAGE gel was added 7 g supernatant protein 
or 1l pellet from the old age interval samples from 6ºC, 9ºC and 17ºC. This gel did not run 
homogeneously, the lanes in the middle did not run as fast as the ones at the flanks. When 
separating the glass plates to release the gel, the gel was broken in smaller pieces, see figure 24. 
Therefore analysing of the gel was indeed more difficult, but for the purpose of this student project 
analysed anyway. 
 
 
 
Lane 1 2 3 4 5 6 7 8 9 10 
Sample Broad std Pool 7/7 
sub 
Pool 7/7 
pellet 
17ºC 10-
12 hours 
sub 
17ºC 10-
12 hours 
pellet 
9ºC 
20-24 
hours 
sub  
9ºC 
20-24 
hours 
pellet 
6ºC  
31-60 
hours 
sub 
6ºC  
31-60 
hours 
pellet 
Broad std 
l 7.0 1.4 1.0 1.0 1.0 10 1.0 20 1.0 7.0 
Figure 24; A. tonsa copepods were cultivated at different temperatures. After minimum of 14 days of acclimation, eggs 
collected in different time interval. A. tonsa were sonicated and the released proteins were separated via SDS-PAGE 
electrophoresis. The 12% Tris-HCL BioRad Ready gel was added 7g supernatant protein per lane or 1 l pellet to 
compare the protein composition in these two fractions. The supernatant will contain soluble proteins from the cytosol, 
whereas the pellet fraction will contain shell fragments, nuclei, membranes ect.  The gel was scanned on a Rio-Rad 710 
scanner. 
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The Bio-Rad Quantity One – 4.1.0 Software was used to analyse the gel, see figure 25. The lanes 
with unknown samples were marked with a red vertical line, the known standards with green 
vertical line. Protein bands were marked with a red short horizontal line. The lanes with supernatant 
were marked with an S, and the lanes with pellet were marked with a P. 
 
          Std                   Pool 17º                    17ºC 10-12 H  9ºC 20-24 H               6ºC 31-60 H             Std  
 
                                 S              P                     S               P              S             P                  S               P 
  
Figure 25; A. tonsa copepods were cultivated at different temperatures. After minimum of 14 days of acclimation, eggs 
collected in different time interval. A. tonsa eggs were sonicated and the released proteins were separated via SDS-
PAGE electrophoresis. The lanes contain either 7g protein from supernatant (S) or 1 l pellet (P). When the gel 2 was 
analysed with the Bio-Rad Quantity One – 4.1.0 Software, each lane was marked with a red vertical line and the known 
standard with a green vertical line. Each detected band is marked with short red horizontal line. No obvious difference 
between the protein pattern in pellet and supernatant were found. 
 
The analysis of this gel showed that the same protein bands were found in both pellet and 
supernatant. There were a few bands, which were not found in all lanes, but unfortunately there was 
no specific pattern.  
 
There was a larger smear in the lanes with pellet, compared to the lanes with supernatant. The 
specific protein amount in the pellet was not analysed, instead 1l pellet was added on the gel.  
There is no obvious tendency of specific bands found in the pellet and not in the supernatant or visa 
versa.   
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Discussion 
Optimising the copepod culture 
In general working with copepod cultures is for specialists, but possible with a few species. A. tonsa 
has been cultivated for many generations at the Danish Institute for Fisheries and Marine Research 
(Støttrup et al., 1986a), and  methods for mass cultivation of Acartia spp. have been developed 
(Schripp et al., 1999). 
While working with the cultivation of the A. tonsa during the present work, there have been a few 
challenges, such as the sudden death of a large container full of copepods without any obvious 
explanation. To have a large and stable production of the A. tonsa eggs, the cultures must be kept at 
relative high temperatures. The main culture at RUC was kept at 17ºC and at this temperature the 
culture was stable most of the time, the number of spawned eggs was high and algal growth on the 
sides in the A. tonsa container was relative small.  
The culture that grew at 24º had a larger algal growth and therefore was more demanding regarding 
cleaning of the container.  
The number of eggs spawned was very low at the low temperatures, compared to the high 
temperatures. Even though there was no exact counting of eggs spawned per female per day, or the 
density of the culture was measured, there was no doubt that the culture grew better at the high 
temperatures, had a higher density and spawned many eggs, compared to the cultures kept at low 
temperatures. Kim (1995) found also a decrease in the egg production when the temperature 
decreased from 23.7ºC to 15ºC. At 15ºC each female only spawned3±1 eggs per day, compared to 
48.5±4.2 at 23.7ºC.  The same tendency was seen by Castro-Longoria (2003) on a wild population 
of A. tonsa caught at Solent-Southampton Water estuarine system, south coast of England. Adults 
were transferred to the lab and acclimated to lower temperatures in 5ºC steps in 24 hours. The 
number of eggs spawned per female per day decreased, when the temperature decreased. At 5ºC 
nearly no eggs were spawned. In the beginning of the experiment only a few eggs were spawned, 
then after short time they failed to produce eggs (Castro-Longoria, 2003). The fast acclimation to 
5ºC can explain why the A. tonsa did fail to lay eggs at the low temperature as seen in Castro-
Longoria experiment.  
In the present experiment at RUC, the adult A. tonsa were acclimated for a longer period on 
minimum 2 weeks, before transferred to lower temperature. But also here a decrease was seen in 
egg production during time.  
 
So even though  A. tonsa are able to adapt to temperatures from -1 to 32ºC (Gonzales, 1974), this is 
not the optimal growth range. Only a few eggs were spawned at 6ºC in the present study and the 
hatching time was so long that it is unlikely to maintain a stabile culture at these low temperatures.  
 
 
Size of eggs 
The temperature does not only affect the growth and egg production of the A. tonsa population, but 
also the size of the eggs. The size varies statistically with temperature; the diameters of the eggs are 
negatively correlated with the temperature. At 6ºC the mean diameter of the A. tonsa  eggs was 85.4 
m, compared to 82.6 m at 9ºC, 82.1m at 17ºC and 79.9 m at 24 ºC. The tendency, large eggs at 
low temperatures, was also found by Uye & Fleminger (1976), but the eggs were smaller in the 
experiment from 1976. The adult wild A. tonsa were caught in the Southern California at 13ºC, and 
then acclimated to 6.5ºC and 17.5ºC and the reared eggs diameter were measured. The eggs reared 
at 6.5ºC were 82.2m in diameter, compared to the eggs reared at 17.5ºC with a diameter on 
78.4m (Uye and Fleminger, 1976). This tendency has also been seen in other calanoid copepods in 
the genera Euchaeta and Pareuchaeta where the egg diameter increased when prosome length 
increases (Mauchline, 1998).  
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Previous studies on the bdelloid rotifers has shown that egg sizes is positively correlated to maternal 
age and size, an increased egg size was correlated to a decreased fecundity, longevity, to delayed 
maturity of the mother and longer development time of the eggs. Further was the production of 
larger eggs, resulting in deceased fertility. However, the offspring had an advantage, endowing 
them with higher fitness (Santo et al., 2001). 
The females in the present study were larger at lower temperatures, as well at the eggs. Maybe the 
difference can be due to the larger females; larger females may produce larger eggs. 
Do the larger eggs contain more yolk to help the future nauplii better to survive at the low 
temperatures? It is also an option that a larger portion of yolk in the egg affects the development 
time, but it is not likely. 
Size of females 
Environmental factors, like temperature, salinity and quantity of available food, will influence the 
adult copepod size. Seasonal difference in size are frequently observed in copepods during an 
annual cycle, where the maximal length of copepods will be found at minimum temperatures or 
during spring algal blooms (Deevey, 1960;Deevey, 1964;Kimmerer and McKinnon A.D., 1987). 
Previous studies has shown that temperature has an effect on length or body volume of animals 
(Escribano and McLaren I.A., 1992). 
The copepod Acartia tranteri cephalothorax length and dry weight of adults females were found to 
vary highly seasonally, with maxima in the winter (Kimmerer and McKinnon A.D., 1987). Durbin 
& Durbin (1978) found a negatively correlation between A. clausi cephalothorax length and 
temperature in the range from 3ºC to 15.6ºC. The same was seen by Cataletto & Fonda Umani 
(1994) on wild caught A. clausi with minimum cephalothorax length in July at high temperatures, 
compared to maximum length in January at low temperatures  and by Landry (1978) on A. clausi 
where the seasonal changes were observed for all naupliar stages as well as the adult stage.  
 
Durbin & Durbin (1978) collected A. clausi from Narragansett Bay and measured the cephalothorax 
lengths. These animals were collected at another temperature than they had developed at, due to 
temperature change during the year. Animal collected during spring, would had completed most of 
their growth at a lower temperature. Therefore Durbin & Durbin believed that the temperature itself 
had less influence on the length of the cephalothorax than food conditions had. 
 
In the present study at RUC the environmental temperature had a profound influence on the 
prosome length of the females. All the A. tonsa cultures were fed on a daily basis with the same 
algal culture in excess and were therefore not influenced by the quantity or quantity of algae. The 
mean prosome length at 6ºC was 833m, at 9ºC it was 840m compared to 772 at 17ºC and 689m 
at 24ºC. Adults were transferred from 9ºC to 6ºC and acclimated for minimum 2 weeks before any 
eggs were used for further analysis. The measurements of the prosome length took place after 
minimum 1 generation time to acclimate and after 3-4 weeks acclimation at 6ºC. The hatching 
experiments showed at very low hatching success and long hatching time at 6ºC. Therefore it is 
unlikely that any of the spawned eggs at 6ºC have hatched and become adults in the time period of 
the present experiment. The females measured at 6ºC were originally from 9ºC and they have nearly 
the same size (840m at 9ºC and 833 m at 6ºC) and have probably developed at the same 
temperature. To have a reliable measure of the prosome length at 6ºC, the culture must be 
acclimated for a very long period. The result from the hatching experiment showed that it takes 360 
hours (15 days) before just 25% of the egg did hatched. Then the nauplii must become adults before 
being capable of laying eggs, this takes presumably a period of months. Therefore it is unlikely that 
the females have developed at 6°C. 
 
The results from 9ºC to 24ºC showed that the prosome length of the females and the temperature are 
negatively correlated. The same tendency was found by Ambler (1985) between temperatures above 
20ºC and A. tonsa prosome length (PL) in a study in 1982 from Galveston, Texas, and by Gaudy & 
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Verriopoulos (2004) on wild A. tonsa caught in Berre lagoon, western Mediterranean. Ambler 
compared the results with the results found in Chesapeake Bay by Heinle in 1969. To compare the 
results in the present study, with the results from Ambler/Heinle and Gaudy & Verriopoulos, the 
linear regressions equations are as follows;  
PL (µm) = - 12  T (°C) + 1014      (Amblers results above 20ºC from 1985) 
PL (µm) = - 11.6 T (°C)  + 1045 (Heinle, 1969) (Ambler, 1985)  
PL (µm) = - 10.00 T (°C)  + 933.53       (Present study 9-24ºC)  
PL (µm) = - 6.73 T (°C)  + 1050.8 (Gaudy and Verriopoulos, 2004) 
The prosome lengths, measured in the present experiment, are shorter at all temperatures than 
measured by Ambler (1985), by Heinle (1969) and by Gaudy & Verriopoulos (2004).  Heinle 
(1969) found a mean prosome length at 17ºC to be 850 m, compared to Ambler (1985) where the 
prosome length was 810 m and the mean prosome length in the present experiment was 771 m at 
17ºC.   Even though prosome lengths are different in these experiments, the tendency is clear, the 
temperature affects inversely the length of the female prosome and the diameter of the eggs.   
 
According to Gaudy & Verriopoulos (2004) the difference in body proportion (prosome:urosome) 
are probably phenotypic. They base this on they own results and on results found by (Furlan et al., 
1983). The observations were done within the same population in a restricted area, without the 
influence of exogenous populations. The variation in prosome:urosome proportion were mainly due 
to the prosome, the urosome was less dependent on ecological variations during growth.  
  
According to Durbin & Durbin (1992) the body size of female A. hudsonica in Narragansett Bay is 
similar, when successive generations have been reared under constant temperatures. At cold and 
uniform thermal history the adult females are expected to be physical large within a narrow size 
range. Even just a small change in temperature will have a strong affect on development and 
maturation patterns. 
 
In general most aquatic animals exposed to their upper limit of their thermal tolerance, will respond 
physiologically by enhancing oxygen uptake and transport. When exposed to colder temperatures, 
the responds will be by reducing the metabolic rates (Richmond et al., 2005). Loss of body weight 
at high temperatures was observed by Durbin & Durbin (1992). An increased metabolism at higher 
temperatures may explain the loss of body weight (Ivleva, 1980;Ikeda, 1985). In general smaller 
animals tend to have a higher metabolic rate per unit body mass than larger animals (Randel et al., 
(2002). The higher metabolism in the small copepods at higher temperature can explain why the 
females turned out to become small when reared at high temperatures. 
There is also the possibility that the proportion of energy, directed towards egg production as 
opposed to somatic growth is increasing when the temperature is increasing (Laybourn-Parry et al., 
1988).  
Another explanation can be the change in longevity of females, cultured at different temperatures. 
Uye (1981) found that the maximum length of life of female A. clausi was more than 100 days at 
3ºC, as compared to just 30 days at 20ºC.  The copepods simples have longer time to grow to the 
ontogenetic stages before they obtain adulthood. 
 
From these results it must be concluded that the female prosome length depends on the 
environmental temperature per se. 
Egg development time 
The results from the hatching test showed that the development time of the eggs depends on the 
environmental temperature. This has also been shown previously (McLaren, 1966;McLaren et al., 
1969;Landry, 1975;Uye and Fleminger, 1976). In the present work it was shown that at 17°C and 
24°C the hatching times were fast. When decreasing the temperature, the hatching time increased 
accordingly. The time to reach 50% hatching takes 18.5 hours at 24°C, when decreasing the 
 - 41 -  
temperature to 17°C, the time to reach 50% hatching is increased by 2 hours to 20.5 hours. When 
decreasing the temperature further to 13.5°C, the hatching time increases to 105 hours to reach 50% 
hatching.  At 9°C it takes 154 hours and at 6°C it takes 1150 hours to reach 50% hatching. It is clear 
that the development rate of the eggs decreases when the temperature decreases. But at some 
temperatures – a decrease in temperature gives a large increase in hatching time. Decreasing the 
temperature from 24ºC to 17ºC gives only a few hours longer development time, whereas a 
decrease from 17ºC to 13.5ºC gives more than a 4 times longer development time to reach 25% 
hatching success and more than 8 times longer development time to reach 75% hatching success. 
The same tendency was seen when decreasing the temperature from 9ºC to 6ºC, a small decrease in 
temperature, gave a disproportional longer development time.   
 
Holste & Peck (2005) found no egg production at 5.2ºC. Eggs spawned at temperature below 9ºC 
did not hatch within 168 hours when incubated at temperatures below 10.5 ºC. The present study 
showed a hatching success on 51% and 59% after 170 hours at 9°C. 
Castro-Longoria (2003) suggests that A. tonsa do not reproduce in the field when the temperature 
falls to 5ºC due to the seen decreased/failed egg production at 5ºC.  The present experiment at RUC 
showed that the A. tonsa were able to spawn few eggs after more than 1 month at 6ºC after long 
acclimation time and therefore it is likely that A. tonsa will be able to reproduce at the low 
temperatures. Whether the eggs are capable to hatch is another question and Durbin & Durbin 
(1978) find it unlikely that A. clausi will be able to grow from egg to adult at 0-4ºC due to the long 
development time at these low temperatures. The present study showed few nauplii at 6°C – if they 
were cable to survive until they are adult is uncertain.  
Castro-Longoria (2003) found no hatching success at either 10ºC or 5ºC after 6 days of incubation. 
In the experiment at RUC a hatching success of 48% and 36%, respective, was found after 6 days at 
9ºC in the two experiments and that 12% of the eggs were hatched after 6 days at 6ºC.  Thereby it is 
likely that a long acclimation time has a positively influence on the hatching time and hatching 
success of the A. tonsa eggs. 
The retarded developments at low temperatures can be explained by the metabolic process taking 
place in the eggs during development are temperature depended. The low enzymatic activity at low 
temperatures will result in a long development time. 
 
Egg viability 
The hatching success both at 24°C, 17°C and at 9°C was more than 90% at the termination of the 
experiment. At 13.5°C the hatching success was only 75.6% at the termination after 215 hours. At 
this time, the hatching curve has not begun to flatten yet, therefore if the experiment had continued 
for some extra days, the hatching success had probably been higher. At 24°C and at 17°C most of 
the hatched eggs resulted in nauplii, whereas at 9°C it is unlikely that all the hatched eggs did result 
in nauplii. At the lowest temperature there were still intact eggs at the termination of the 
experiment. These eggs were transferred to 17°C and began to hatch approximately 24 hours after 
the transfer to higher temperature. Therefore the remaining eggs were fully capable to hatch, and 
showed an arrested development at 6ºC. Even eggs that did not looked intact, did hatch. The total 
numbers of nauplii were higher than the number of intact eggs. The eggs kept at 6°C must have 
been in an arrested state. The very fast hatching of the eggs when transferred to 17°C indicates that 
the eggs were not in a refractory phase of diapause. But the eggs were obviously in quiescent state, 
because they were capable to resume development under favourable conditions.  
Holmstrup et al. (2005) collected wild A. tonsa eggs from Venø fish Farm (Struer), exposed them to 
four different temperatures (16.0ºC, 4.9ºC, 2.0ºC &-2.0ºC), four salinities (1 ppt, 10 ppt, 20 ppt & 
50 ppt)  and two oxygen levels. The eggs were stored up to 35 weeks and none of these conditions 
introduced diapause. Instead the eggs stored at 2ºC and -2ºC had a higher hatching success than the 
eggs stored at 5ºC and 16ºC.  
 - 42 -  
Castro-Longoria (2003) found that the eggs from A. tonsa did not hatch after 24 hours incubation at 
5ºC and 10ºC. Eggs incubated at 15ºC had a hatching success of 86% and eggs incubated at 20°C 
had a hatching success of 97.3%. The eggs at 5ºC and 10ºC were observed again after additionally 5 
days of incubation and still no hatching was observed. The eggs were then transferred to ambient 
(20ºC), where they hatched, so the eggs were considered as subitaneous.   
The present study showed 12% hatching success after 6 days at 6ºC and 48% and 36% after 6 days 
for the two experiments performed at 9ºC. Thereby the acclimation period must influence the 
embryogenesis.   
Holste & Peck (2005) found that the hatching success increased when temperature increased for A. 
tonsa from the Baltic Sea. There was no hatching observed in eggs incubated at temperatures below 
12 ºC. 
Chinnery & Williams (2004) found that hatching success decreased when the temperature 
decreased. The adult A. tonsa were caught at Southampton Water and the observation of the eggs 
continued until maximum number had hatched. At 5ºC the hatching success was 13.1%, at 10ºC it 
was 21.9% and at 20ºC it was 85.4% (Chinnery and Williams, 2004).  Thereby the results from the 
present study are not similar, especially at the low temperatures, where a much higher hatching 
success was found, see figure 10. Chinnery & Williams have not reported the exact observation 
time and this can be the reason to the reported differences. 
Sullivan & McManus (1986) found a long viability of the A. tonsa eggs found at Narragansett Bay, 
Rhode Island. They tested eggs found in the sediment in July to November 1985. The eggs collected 
in July to September had an initial hatching above 90%, where the eggs collected in November had 
an initial hatching of 1.25% and after raising the temperature to 18ºC the final hatching was 63%.  
Drillet (2005) found that the viability of cold storage eggs remain high, after 11 months of cold 
storage was seen a hatching rate above 70%.     
Therefore it is likely that the spawning temperature has a great influence on both the hatching time 
and the hatching success, it seems as if the subitanous copepod eggs are programmed to adapt to the 
ambient temperature. 
 
The fact that the eggs kept at 6ºC under norm oxic conditions are able to remain viable during a 
period of two months and then hatch after 1-2 days at 17ºC, gives good opportunities for storage of 
A. tonsa eggs and the use of the nauplii for first feeding for aquaculture fish larvae. The eggs can 
survive a longer period at low temperature. The eggs spawned at 6ºC seem not to be in a diapause 
state, they are able to resume normal development as soon as the temperature increases. In general 
the experiments at 6ºC showed a low hatching success and a slow growth of the A. tonsa population 
and a low survival. The conclusion based on these results is that the chances of getting a population 
to grow at 6ºC for commercial purposes, is not an option.   
Female contribution 
The present egg hatching experiment showed that development time of the eggs depends on the 
surrounding temperature. But does the temperature the adult copepods are surrounded by, also 
affect the development time of the eggs, as stated by Tester (1985)?  Blehrádek´s empirical 
equation from 1935 relates physiological rates (V) and temperatures, V = a (T – ) b 
McLaren´s empirical determination of Blehrádek´s  equation from 1935 to calculate the 
development time (D) of A. tonsa eggs;   D = 489 (T-1.8)-2.05 comes from the results of recorded 
time to reach 50% egg maximum hatching at different temperatures (McLaren et al., 1969). When 
using this equation on the results found in this study and by Drillet (2003), it is possible to directly 
examine whether there is a difference between the development time in eggs kept at different 
temperature, and the temperature the eggs were produced/reared under.  The experiments from 
Drillet were done at Roskilde University in 2003 by the same copepod culture and these results 
therefore are directly comparable with the results found the present study.    
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Figure 26; Hatching time of A. tonsa eggs reared at different temperatures and at different acclimation conditions were 
compared. The time in hours to reach 50% of the maximum hatching rate in the study of Drillet (2003), McLaren, et al., 
1969 and the present study were compared. In Drillet (2003), the adult copepods were kept at 17°C and after the eggs 
were spawned, they were transferred to lower temperatures, were the hatching success was found. In McLaren et al., 
1969, the adult were captured at different temperatures and kept at the same temperature during the experiment. In the 
lab the eggs from the adults were kept at the same temperature and the hatching success were found. In the present 
study the adult copepods were a acclimated minimum of 2 weeks at each temperature before eggs were collected to 
measure the hatching time. The eggs were kept at the same temperature as the adults.   
 
The results from McLaren, et al., (1969) are plotted in figure 26 with the results obtained in the 
present study and the results found by Drillet, (2003).  The study by McLaren is the best to compare 
with the present study. In both studies the eggs were stored at the same temperature as the adults 
had spawned the eggs. In the study by Drillet, (2003), the eggs were spawned at 17ºC and then 
transferred to lower and higher temperatures, where the hatching rates were measured. Figure 26 
shows that the results obtained in the present study are quite comparable with the results from 
McLaren, et al. (1969). These two curves are rather similar, suggesting no obvious differences 
between the egg hatching rates found in the A. tonsa from Narragansett Bay in the late 1960´ties 
and from the A. tonsa population reared in the laboratory for many generations at RUC.  The curves 
nearly overlap at the low temperatures and at the high temperatures, the development time for the A. 
tonsa reared at RUC is faster than that of the wild A. tonsa population. The maximum hatching 
success is not shown in the study from 1969, therefore there can be a difference between the 
hatching success in these two studies.  
The results represented by Drillet (2003), are different from the ones found in the present project 
and by McLaren, et al. (1969). The A. tonsa culture used by Drillet (2003) is similar to the one used 
in the present project. The development time from the A. tonsa eggs reared at 17°C and then 
transferred to lower temperatures is shorter, than when the adults were acclimated to the low 
temperature, and the eggs kept at the same temperature.   
 
Uve & Flemninger (1976) also found an effect of acclimation. Egg spawned at 17.5ºC and then 
transferred to 4.8ºC had a hatching success on 30%, whereas eggs spawned at 6.5ºC and transferred 
to 5.2ºC had a hatching success on 85% (Uye and Fleminger, 1976).      
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From these studies it seems likely that the temperature the adult A. tonsa eggs experience while 
producing the eggs, in fact affects the development time of the eggs. When transferring eggs from 
17°C to lower temperatures, the development time of the eggs becomes longer as compared to eggs 
reared and kept at the same low temperature. This was also reported on A. clausi eggs, were the 
development time at low temperature, was longer for eggs from summer acclimated animals as 
compared to eggs from cold acclimated animals at the same low temperature (Landry, 1975). Tester 
(1985) also found that the parental acclimation temperature had influence on the egg hatching time. 
A parental acclimation time period between 86 hours to 8 days were sufficient to change the egg 
hatching time  (Tester, 1985). 
 
Protein pattern 
The previous results showed that there is a difference between the hatching time of A. tonsa eggs at 
high and low temperatures and a decrease in mean egg diameter, when the temperature increases. 
Could the difference between high and low temperatures be seen as a change in the protein pattern 
inside the eggs? Therefore, the proteins in the eggs were analysed via SDS-page gel electrophoresis. 
SDS-PAGE electrophoresis gives a valuable of the proteins pattern in the eggs. The proteins will be 
separated due to their size, but not due to their charge. One protein band can contain several 
different proteins with the same size and they will appear as just one band on the gel. Therefore this 
type of analysis is unfortunately not a precise tool to give an indication of the protein precise 
pattern. But the electrophoreses gel gives an overview over the proteins patterns and can give an 
idea if there are any differences between the egg samples collected at different temperatures and at 
different age intervals.  
The first glance at the gel did not show a large protein band in some samples and not in others. But 
when comparing the number of protein bands, a tendency was seen of a decreasing number of 
bands, during aging. When the eggs develop, it is likely that there will be a change in composition 
of the proteins in the egg. Larger proteins could be modified and split to smaller proteins. Large 
protein bands above 200 kDa were not included in the analysis and therefore the result with the 
decreasing number of bands during ageing must be confirmed with another SDS-PAGE analysis.  
There was also found another pattern of large contra small proteins. It seemed as if there was a large 
amount of big proteins compared to small proteins at low temperatures, whereas the opposite was 
seen at high temperatures, see figure 18 and figure 19. 
When comparing the eggs ageing from 9ºC, it also seemed as if there was a larger amount of big 
proteins in the newly spawned eggs compared to the older eggs, see figure 20. The same pattern 
was not seen in the age eggs from 17°C and 24°C – results not shown. Due to the higher embryo 
genesis at the higher temperatures, it is likely that the changes in the protein pattern have already 
taken place, when collecting the eggs after 1-2 hours. 
  
A protein band of 137 kDa was found in the samples from 6ºC, 17ºC and 24ºC, but not in the eggs 
from 9ºC. This result needs to be confirmed with another SDS-PAGE analysis. 
 
In a previous study on the Artemia franciscana embryos great difference was found between the 
protein pattern in the pellet and in the supernatant. The pellet contains nuclei, yolk plates and shell 
fragments, whereas the supernatant contains the soluble proteins in the egg. Thereby changes in 
protein pattern between the cytosol and in the nuclei/shell can be seen. This study showed an 
increase in the p26 protein in the pellet when the eggs were treated with heat, see figure 27 (Willsie 
and Clegg, 2001).   
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In order to investigate whether the A. tonsa eggs exhibited a different pattern of proteins in the 
pellet compared to the supernatant, the second gel was loaded with 7g protein from the supernatant 
and 1l pellet from the same sample. Unfortunately gel number two did not turn out to become such 
a nice gel with protein distribution as found by Willsie and Clegg (2001). The gel did not run 
uniformly, the gel ran faster at the flanks than in the middle of the gel and therefore the separation 
of the lanes in the middle are not as good, as in the lanes on the flanks. The present gel 2 broke into 
smaller pieces during the staining process and therefore the analysis of this gel was difficult. 
Despite of these problems I can conclude, there was no obvious tendency of some proteins to only 
be connected with the pellet or with the supernatant.  
The large protein band type 1 was found on gel 1 in the sample from 24ºC, 17ºC and 6ºC, but not in 
the sample from 9ºC. Whether this protein also was present in the samples from 6ºC and 9ºC on gel 
2 is difficult to say, because the gel 2 has broken into smaller pieces. Therefore the analysis of this 
gel, does not give any straight answer to whether there is any difference in the proteins in the 
supernatant and the pellet. 
 
When looking for changes in protein composition in samples, SDS-PAGE is a precise and fast 
method. To find the sizes of the proteins known standards were used, so it is possible to find an 
estimated size of the unknown protein, but this method is not specific. There is about 10% deviation 
on the known standards. When comparing the results on the gels, the most dense band was 
estimated to be 88 kDa on gel number 1, compared to 93 kDa on gel number 2. This can make the 
search of a specific protein candidate, based on the size, even more difficult. The protein of 137 
kDa found in 6ºC, 17ºC and 24ºC samples could therefore be from 123.000-150.000 kDa, which 
makes the search of a specific protein candidate in protein banks difficult. Therefore SDS-PAGE 
electrophoreses it is best to compare samples run at the same gel.  
 
The analysis of the proteins in the A. tonsa eggs seems very interesting, but could use a further 
analysis. The collection of enough eggs to analyse the protein content in the eggs, was the main 
problem. The Bradford protein Microtitter analysis uses 160l diluted sample, which is a large 
volume. The SDS-PAGE analysis of the eggs must be repeated to confirm the presence/absence of 
this protein. At this time, silver staining can be used instead of Coomassie blue. This staining is 
more sensitive and smaller protein bands will therefore be stained.  
 
 
Figure 27; Artemia Franciscana 
embryos was subjected to increasing 
temperatures and sampled at 22ºC, 
42ºC and 50ºC. Supernatant (S) and 
pellet (P) samples were SDS-PAGE 
analysed. The sizes on the known 
standard are shown on the left side. 
The arrow indicates were the p26 is 
located on the gel. The amount of p26 
increases in the pellet when the 
temperature increases. The pellet 
contains nuclei, yolk plates and shell 
fragments (Willsie and Clegg, 2001).  
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To find out which specific proteins are in the eggs, other analysis methods than SDS-PAGE must be 
used. Finding one specific protein, can be done by cutting the specific protein band out of the gel, 
purify the protein and sequence analyse it. When having a sequence of the unknown band, it will be 
possible to compare the sequence with known proteins and maybe find the protein family it belongs 
to. Unfortunately these protein sequence analysis methods are not available at RUC. Another 
method is Western Blot. This requires a specific coated antibody and shows if this specific protein 
is present or not. 
The SDS-PAGE analysis showed some differences in protein patterns when the eggs were reared 
under different temperatures and the eggs were ageing. The present tentative results from this SDS-
PAGE analysis show that it could be very interesting to analyse further on the A. tonsa eggs. 
 
 - 47 -  
Conclusion 
 
The practical experiences regarding the cultivation of the copepods during this project, has shown 
that if using the A. tonsa nauplii as fish larvae’s first feeding, the cultivation temperature must be 
around 17ºC. Thereby maintaining a healthy and stable population of the A. tonsa and hence a high 
and stable egg production. Further it must be proposed that the cultivation of the copepods is 
organized as a centralized production facility and not produced at the local fish farm, due to the 
problems with the sudden death of a culture. At a large, central production it will be easier to 
maintain sterile conditions and a higher level of cultivate expertise, than as a small production at a 
local fish farm. 
 
The development time of the eggs increased when the temperature decreased. The hatching success 
was higher than 90% for experiments at 24ºC, 17ºC & 9ºC. At 6ºC the eggs hatching success was 
57.9% at the termination of the experiment, the remaining eggs were still viable when transferred to 
17ºC and nearly all hatched within 3 days at 17ºC. The results on the total hatching success and egg 
development time was higher than seen in similar experiments, where the adults did not acclimate 
before testing the eggs. Therefore the adult acclimation temperature seems to influence the 
development time and the total hatching success of the eggs. 
 
The fact that the eggs are still viable after long storage time gives good opportunities to use the 
copepods as first feed for fish larvae in aquacultures.   
 
The egg size and the female prosome length of A. tonsa are negatively correlated with the 
cultivation temperature. Since the culture at 17ºC is the main source to all the cultures and all the 
cultures were feed the same algal culture, the only variable factor was the temperature. From this is 
must be concluded that the differences between the egg and female size, when cultivated under 
different temperatures, can not be genetically, but must be environmentally induced by the shift in 
the temperature. It seems likely that the copepods use their energy on somatic growth rather than on 
reproduction at low temperatures. From these results it must be concluded that the female prosome 
length depends on the environmental temperature per se. 
The production of larger eggs at low temperatures, may be explained by a larger yolk content and 
therefore better survival chances for the newly hatched nauplii.   
 
Inside the A. tonsa eggs it seems like there is a change in the protein ratio from many big proteins in 
newly spawned eggs from 9ºC, compared too many small proteins in older eggs spawned at 9ºC.  
It seemed like eggs spawned at low temperatures contained a larger amount of big proteins than 
small proteins, compared to eggs spawned at higher temperatures, where the opposite as seen. 
 
An unknown protein on 137 kDa was founding eggs cultivated at 6ºC, 17ºC and 24ºC, but not at 
9ºC. A decreasing number of protein bands were found when eggs were ageing. The results on the 
protein pattern in the eggs are based on SDS-PAGE analysis. The results are promising and needs 
further analysis to be confirmed.  
 
 - 48 -  
References 
 
Ambler, J. W. Seasonal factors affecting Egg Production and Viability of Eggs of Acartia tonsa Dana from 
East Lagoon, Galveston, Texas. 20, 743-760. 1985. Estuarine, coastal and Shelf Science.  
 
Bélehrádek, J., 1935. Temperature and living matter. Protoplasma Monograph, No. 8. Borntraeger, Berlin, 
277pp. 
 
Berrill, N. J. , 1935. Studies in tunicate development. Part III-differential retardation and acceleration. Phil 
Trans. Roy. Soc. London, Series B., 225: 255-326. 
 
Bowman, T. E. The distribution of calanoid copepods off the South eastern United States between Cape 
hatteras and southern Florida. [96], 1-58. 1971. Smithson. Contrib. Zool. (Smithsonian Institution, Press, 
Washington, D.C.  
 
Buchner, J. Supervising the fold: functional principles of molecular chaperones. [10], 10-19. 1996. FASEB J.  
 
Castro-Longoria, E. Egg production and hatching success of four Acartia species under different temperature 
and salinity regimes. [23(2)], 289-299. 2003. Journal of crustacean biology.  
 
Cataletto, B. and Fonda Umani, S. Seasonal variations in carbon and nitrogen content of Acartia clausi 
(Copepoda, Calanoida) in the Gulf of Trieste (Northern Adriatic Sea). [292/293], 283-288. 1994. 
Hydrobiologia.  
 
Chinnery, F. E. and Williams, J. A. The influence of temperature and salinity on Acartia (Copepoda: 
Calanoida) nauplii survival.   [145], 733-738. 2004. Marine Biology.  
 
Clegg, J. S. The unusual response of Artemia franciscana to prolonged anoxia. [270], 332-334. 1994. J. Exp. 
Biol.  
 
Clegg, J. S. and Conte, F. O. A review of the cellular and developmental biology of Artemia. [2], 11-54. 
1980. Physiology, biochemistry, molecular biology (Persoone, G. Sorgenloos, P. Roels, O. & Jaspers, E. 
eds.), Universal Press, Wetteren, Belgium.  
 
Clegg, J. S., Jackson, S. A., Liang, P., and MacRae, T. H. Nuclear-Cytoplasmic Translocations of Protein 
p26 during Aerobic-Anoxic Transitions in Embryos of Artemia franciscana. 219, 1-7. 1995. Experimental 
Cell Research.  
 
Clegg, J. S., Jackson, S. A., and Warner, A. H. Extensive Intracellular Translocations of a Major Protein 
Accompany Anoxia in Embryos of Artemia franciscana. 212, 77-83. 1994. Experimental Cell Research.  
 
Clegg, J. S., Willsie, J. K., and Jackson, S. A. Adaptive significance of a small Heat shock/α-Crystallin 
Protein (p26) in encysted Embryos of the brine Shrimp, Artemia franciscana. [89], 836-847. 1999. Amer. 
Zool.  
 
Day, R. M., Gupta, J. S., and MacRae, T. H. A small heat shock/α-crystallin protein from encysted Artemia 
embryos suppresses tubulin denaturation. [8(2)], 183-193. 2003. Cell Stress & Chaperones.  
 
De Graaf, J., Amons, R., and Möller, W. The primary structure of artemin from Artemia cyst. [193], 737-
750. 1990.  Eur. J. Biochem.  
 
Deevey, G. B. Relative effects of temperature and food on seasonal variation in length of marine copepods in 
some eastern American and western European waters. [17], 54-58. 1960. Bulletin of the Bingham 
Oceanographic Collection.  
 - 49 -  
 
Deevey, G. B. Annual variations in length of copepods in the Sargasso sea of Bermuda. [44], 589-600. 1964. 
Journal of the marine Biological Association of the United Kingdom.  
 
Drillet, G. Temperature and cold storage effects upon hatching success of subitaneaous eggs from the 
calanoid copepod Acartia tonsa.  2003. Roskilde University Center.  
 
Drillet, G., Iversen, M.H., Sørensen, T.F., Ramløv, H., Lund, T. and Hansen, B.W. Effect of cold storage 
upon eggs of a Calanoid copepod, Acartia tonsa and their offspring. Resubmitted  2005. Aquaculture. 
 
Drinkwater, L. E. and Clegg, J. S. Experimental biology of cyst diapause, in Artemia biology (Browne, R.A., 
Sorgeloos, P & Trotman, C.N.A., eds.).  93-117. 1991. CRC Press, Boca Raton FL.  
 
Durbin, E. G. and Durbin, A. G. Length and weight relationships of Acartia clausi from Narragansett Bay, 
R.I. [23(5)], 958-969. 1978. Limnol. Oceanogr.  
 
Durbin, E. G. and Durbin, A. G. Effects of temperature and food abundance on grazing and short-term 
weight change in the marine copepod Acartia hudsonica. [37], 361-378. 1992. Limnol. Oceanogr.  
 
Escribano, R. and McLaren I.A. Influence of food and temperature on length and weights of two marine 
copepods. [159], 77-88. 1992. J. Exp. Mar. Ecol.  
 
Feder, M.E. & Hofmann, G.E. Heat-Shoch proteins, molecular chaperones, and the stress response. 
Evolutionary and Ecological Physiology [61], 243-82. 1999. Annu. Rev. Physiol. 
 
Fowler, J., Cohen, L., and Jarvis, P. Pratical Statistics for Field Biology.  2003. Wiley ISBN; 0-471-98295-4.  
 
Furlan, L., Fonda Umani, S., and Specchi, M. Some correlations between hydrobiological parameters and the 
population of Acartia clausi in the Gulf of Trieste. [28], 165-167. 1983. Rapports et procés-verbaux de la 
Commission Internationale d'Exploration Scientifique de la Mer Méditerranée.  
 
Gaudy,R., Cervetto,G., Pagano,M. (2000). Comparison of the metabolism of Acartia clausi and A. tonsa: 
influence of temperature and salinity. J. Exp. Mar. Biol. Ecol. 247, 51-65. 
Gaudy, R. and Verriopoulos, G. Spatial and seasonal variations in size, body volume and body proportion 
(prosome:urosome ratio) of the copepod Acartia tonsa in a semi-closed ecosystem (Berre Lagoon, western 
Mediterranean). [513], 219-229. 2004. Hydrobiologia.  
 
Gonzales, J. G. Critical thermal maxima and upper lethal temperatures for the calanoid copepods Acartia 
tonsa and A. clausi. [27], 219-223. 1974. Mar. Biol.  
 
Grice, G. D. and Marcus, N. H. Dormant eggs of marine Copepods. [19], 125-140. 1981. Oceanogr. Mar. 
Biol. Ann. Rev. 
 
Hansen, J. The Red Tide Dinoflagellate Alexandrium tamarense - Effects on Behaviour and Growth of a 
Tintinnid Ciliate. [53], 105-116. 1989. Mar. Ecol. Prog. Ser.  
 
Heinle, D. R. Temperature and zooplankton. [10], 186-209. 1969. Chesapeake Science.  
 
Holmstrup, M., Overgaard, J., Sørensen, T.F., Drillet, G., Hansen, B.W., Ramløv, H., & Engell-Sørensen, K. 
Influence of storage conditions on viability of quiescent copepod eggs (Acartia tonsa Dana): Effects of 
temperature, salinity and anoxia. 2005. 
 
Holste, L. and Peck, M.A. The effects of temperature and salinity on egg production and hatching success of 
Baltic Acartia tonsa (Copepoda: Calanoida): a laboratory investigation. DOI 10, 1007/s00227-005-0132-0 
2005 Marine Biology. 
 
 - 50 -  
Horwitz, J. α-crystallin can function as a molecular chaperone. [89], 10449-10453. 1992. Proc. Natl. Acad. 
Sci. USA.  
 
Huntley, M. E. and Lopez, M. D. G. Temperature-dependent production of marine copepods: a global 
synthesis. [140], 201-242. 1992. Am. Nat.   
 
Ianora, A. Copepod life history traits in sub temperate regions. [15], 337-349. 1998. Journal of Marine 
Systems.  
 
Ikeda, T. Metabolic rates of epipelagic marine zooplankton as a function of body mass and temperature. [85], 
1-11. 1985. Mar. Biol.  
 
Ivleva, I. V. The dependence of crustacean respiration rate on body mass and habitant temperature. [65], 1-
47. 1980. Int. Rev. Ges. Hydrobiol.  
 
Jackson, S. A. and Clegg, J. S. Ontogeny of low molecular weight stress protein p26 during early 
development of the brine shrimp, Artemia fransciscana. [38], 153-160. 1996. Develop. Growth Differ.  
 
Kim, W-S. The Effect of Temperature on the Egg Production Rates of Acartia tonsa (Calanoid copepod) in 
Long Island Sound. [17(1)], 1-7. 1995. Ocean Research.  
 
Kimmerer, W. J. and McKinnon A.D. Growth, mortality, and secondary production of the copepod Acartia 
tranteri in Westernport Bay, Australia. [32(1)], 14-28. 1987. Limnol. Oceanogr.  
 
Lance, J. The salinity tolerances of some eustraine crustaceans. [127], 108-118. 1964. Biol. Bull. mar. biol. 
Lab., Woods Hole.  
 
Landry, M. R. Seasonal temperature effects and predocting development rates of marine copepod eggs. 
20(3), 434-440. 1975. Limnology and oceanography.  
 
Landry, M. R. Population Dynamics and Production of a Planktonic marine Copepod, Acartia clausii, in a 
small Temperate Lagoon on San Juan Island, Washington. [63 (1)], 77-119. 1978. Int. Revue ges. Hydrobiol.  
 
Lavens, P. and Sorgenloos, P. The history, present status and prospect of the availability of Artemia cysts for 
aquaculture. 181, 397-403. 2000. Aquaculture.  
 
Laybourn-Parry, J, Abdullahi, A., and Tinson, S. V. Temperature-dependent energy partitioning in the 
benthic copepods Acanthocyclops viridis and Macrocyclops albidus. [66], 2709-2714. 1988. Can. J. Zool.  
 
Liang, P., Amons, R., MacRae, T. H, and Clegg, J. S. Purification, structure and in vitro molecular-
chaperone activity of Artemia p26, a small heat-shock/α-crystallin protein. [243], 225-232. 1997. Eur. J. 
Biochem.  
 
Mansingh, A., 1971. Can. Ent., 103, 983-1009. 
Marcus, N. H and Murray, M. Copepods diapause eggs: a potential source of nauplii for aquaculture. 201, 
107-115. 2001. Aquaculture.  
 
Marcus, N. H. Photoperiodic and temperature regulation of diapause in Labidocera Aestiva (Copepoda: 
Calanoida). 162, 45-52. 1982. Biol. Bull.  
 
Mauchline, J. Advances in marine biology. [ISBN 0-12-105445-0]. 1998.  Elsevier Ltd.  
 
McLaren, I. A. Predicting Development Rate of Copepod eggs.  457-469. 1966. Biol. Bull.  
 
McLaren, I. A., Corkett, C. J., and Zillioux, E. J. Temperature Adaptions of Copepod Eggs from the Arctic to 
the Tropics. 137, 486-493. 1969. Biol. Bull.  
 - 51 -  
 
Miller, D. and McLennan, A. G. The heat shock response of the cryptobiotic brine shrimp, Artemia-1 A 
comparison of the thermotolerence of cyst and larvae. [13], 119-23. 1988. J. Therm. Biol.  
 
Payne, M. F. and Rippingale, R. J. Effects of salinity, cold storage and enrichment on the calanoid copepod 
Gladioferens imparipes. [201], 251-262. 2001a. Aquaculture.  
 
Payne, M. F. and Rippingale, R. J. Intensive cultivation of calanoid copepod Gladioferens imparipes. [201], 
329-342. 2001b. Aquaculture.  
 
Randall, D., Burggren, W. & French, K. Eckert Animal Physiology. Mechanisms and Adaptions. 5. edition. 
ISBN 0-7167-3863-5 2002. W. H. Freeman and Company, New York. 
 
Richmond, C., Marcus, N. H., Sedlacek, C., Miller, G. A., and Oppert, C. Hypoxia and seasonal temperature: 
Short-term effects and long-term implications for Acartia tonsa Dana.  2005. Journal of Experimental 
Marine Biology and Ecology.  
 
Santo, N., Caprioli, M., Orsenigo, S., and Ricci, C. Egg size and offspring fitness in a bdeloid rotifer. 
[446/447], 71-74. 2001. Hydrobiologia.  
 
Schripp, G. R., Bosmans, J. M. P., and Marshall, A. J. A method for hatchery cultures of tropical calanoid 
copepods, Acartia spp. [174], 81-88. 1999. Aquaculture.  
 
Støttrup, J. G. and Jensen, J. Influence of algal diet on feeding and egg-production of the calanoid copepod 
Acartia tonsa Dana. 141, 87-105. 1990. J. Exp. Mar. Biol. Ecol.  
 
Støttrup, J. G., Richardson, K., Kirkegaard, E., and Phil, N. J. The cultivation of Acartia tonsa Dana for use 
as a live food source for marine fish larvae. 52, 87-96. 1986a. Aquaculture.  
 
Sullivan, B. K. and McManus, L. T. Factors controlling seasonal succession of the copepods Acartia 
hudsonica and A. tonsa in Narragansett Bay, Rhode Island: temperature and resting egg production. 28, 121-
128. 1986. Marine Ecology - Progress Series.  
 
Tester, P. A. Effects of parental acclimation temperature and egg-incubation temperature on egg-hatching 
time in Acartia tonsa (Copepoda: Calanoida). [89], 45-53. 1985. Marine Biology.  
 
Uye, S. and Fleminger, A. Effects of Various Enviromental Factors on Egg Development of Several Species 
of Acartia in Southern California. [38], 253-262. 1976. Marine Biology.  
 
Uye, S.-I. Fecundity studies of neritic calanoid copepods Acartia clausi Giesbrecht and A. Steuri Smirnov: A 
simple empirical model of daily eggs production. [50], 255-71. 1981. J. Exp. Mar. Biol. Ecol.  
 
van den IJssel, P. R. L. A., Overkamp, P., Knauf, U., Gaestel, M., and de Jong, W. W. αA-crystallin confers 
cellular thermoresistance. [355], 54-56. 1994. FEBS letters.  
 
Viner, R. I and Clegg, J. S. Influence of trehalose on the molecular chaperone activity on p26, a small heat 
shock/α-crystallin protein. [6(2)], 126-135. 2001. Cell Stress & Chaperones.  
 
Willsie, J. K. and Clegg, J. S. Nuclear p26, a small heat shock/α-crystallin protein, and its relationsship to 
stress restistance in Artemia Franciscana embryos. [204], 2339-2350. 2001. The Journal of Experimental 
Biology.  
 
 
 
  
 - 52 -  
Appendix 
Rhodomonas salina growth solutions 
 
Solution A: Ions solution  Quantity 
Na2EDTA = titriplex III   4.5 g 
NaNO3 10.0 g 
H3BO3 3.35 g 
NaH2PO4   2.0 g 
MnCl24H2O 0.36 g 
FeCl36H2O 0.13 g 
Solution B 0.1 ml 
Deionised water 100 ml 
 
Solution B: Metal solution  Quantity  
ZnCl2 420 mg 
CoCl26H2O 400 mg 
(NH4)6Mo7O244H2O 180 mg 
CuSO45H2O 400 mg 
Deionised water   20 ml 
0.1 M HCl was added until the substances are dissolved and the solution is transparent  
 
Solution C: Vitamin solution  Quantity 
B1 vitamin (thiamid dichloride)  20 mg 
B12 vitamin (cyanocobalamin)   1 mg 
H vitamin (biotin)   5 mg 
Deionised water  10 ml 
 
One ml of solution A and 0.1 ml of solution C is added to one litre of pasteurised seawater (Hansen, 
1989).   
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Egg sizes  
 
6°C 27/7 29/7 1/8 3/8 9/8 10/8 11/8 27/9 
n 33 39 20 65 17 29 18 114 
x µm 87.42 85.32 85.38 84.19 83.82 82.85 84.86 86.4 
Min. µm 75 80 80 75 80 75 80 80 
Max. µm 95 90 90 100 92.5 90 90 95 
SD 4.86 2.23 3.74 3.37 3.66 3.88 2.01 3.23 
 
9°C 25/7 27/7 3/8 10/8 11/8 27/9 
n 8 33 139 17 11 70 
x µm 85.00 86.06 81.10 82.06 82.73 84.8 
Min. µm 80 75 75 75 75 75 
Max. µm 95 105 90 85 95 90 
SD 1.82 60.81 2.90 3.72 5.06 3.23 
 
17°C 27/7 28/7 28/7 1/8 3/8 3/10 
n 20 59 26 25 25 154 
x µm 82.25 77.97 82.60 80.60 81.94 83.88 
Min. µm 75 70 80 75 80 75 
Max. µm 90 85 87.5 85 85 90 
SD 4.13 3.37 2.50 2.08 2.09 3.05 
 
24°C 6/10 
n 111 
x µm 79.89 
Min. µm 75 
Max. µm 85 
SD 2.86 
 
 
Comparison of the A. tonsa egg sizes when reared at 24ºC, 17ºC, 9ºC and 6ºC. The egg diameter was measured at a 
Nicon diaphot 300 microscope.  
n=number of eggs, x m=average of the measured egg diameters, Min. m= the smallest egg diameter, Max. m= the 
largest measured egg diameter, SD=standard deviation. 
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Female prosome length 
 
6°C 28/7 1/8 2/8 10/8 11/8 
n 24 24 33 29 11 
x µm 822.92 814.17 840.91 850 838.64 
SD 48.85 42.89 38.44 42.78 30.34 
Min µm 750 750 750 750 800 
Max µm 900 875 900 925 875 
 
9°C 1/8 3/8 9/8 10/8 11/8 
n 26 28 13 19 7 
x µm 813.46 828.7 840.38 876.32 882.14 
SD 38.23 29.44 51.58 61.51 74.60 
Min µm 750 775 750 800 825 
Max µm 900 900 950 1000 1000 
 
17°C 1/8 2/8 3/8 3/10 
n 10 11 42 124 
X µm 807.5 777.27 795.83 757.46 
SD 23.72 30.53 30.7 56.94 
Min µm 775 725 725 625 
Max µm 850 825 850 925 
 
 
24°C 3/10 6/10 
n 88 44 
X µm 689.2 698.86 
SD 35.5 43.79 
Min µm 625 625 
Max µm 825 800 
 
The size of females A. tonsa prosome length when reared at 24ºC, 17ºC, 9ºC and 6ºC. The sizes were measured under a 
Olympus SZ40 microscope. 
n=number of measured females, x m=average of the measured female length, Min. m= the smallest female, Max. 
m= the largest measured female, SD=standard deviation. 
 
 
 
 
 
 
 
